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This study is focused on to research the product change management in global environment 

during the product development and production phases. The improvement suggestions for 

enhance the case company’s product change management processes and practices are 

formulated. 

The product lifecycle management has an essential role to manage products effectively in 

dynamic and competitive markets. The product lifecycle management objective in high level 

is to improve decision making, reduce product related costs and give more value for the 

customers. The PLM includes complex processes and non-standardized terminology which 

are industry and company specific. The product lifecycle management requires actions from 

multiple functions during the product lifecycle. 

There are improvement areas in the case company’s current processes and practices 

according to the qualitative study conducted. The study indicates that most important 

improvement areas are the product release process, change management and backward 

compatibility of the products including global perspective. 
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Tämä diplomityö keskittyy tuotemuutosten hallintaan globaalissa ympäristössä 

tuotekehityksen ja tuotantovaiheiden aikana. Työssä luodaan parannusehdotuksia 

kohdeyrityksen tuotemuutosten hallintaprosessien ja -käytäntöjen tehostamiseksi. 

Tuotteen elinkaaren hallinnalla on keskeinen rooli tuotteiden tehokkaassa hallinnassa 

dynaamisilla ja kilpailukykyisillä markkinoilla. Tuotteen elinkaaren hallinnan tavoitteena on 

parantaa päätöksentekoa, vähentää tuotteeseen liittyviä kustannuksia ja antaa asiakkaille 

enemmän arvoa. Tuotteiden elinkaaren hallinta sisältää monimutkaisia prosesseja ja 

standardoimatonta terminologiaa, jotka ovat toimiala- ja yrityskohtaisia. Tuotteen elinkaaren 

hallinta vaatii toimenpiteitä useilta toimijoilta tuotteen elinkaaren aikana. 

Kohdeyrityksen nykyisissä prosesseissa ja käytännöissä on laadullisen tutkimuksen mukaan 

parannusalueita. Tutkimus osoittaa, että tärkeimmät parannusalueet ovat tuotteiden 

julkaisuprosessi, muutosten hallinta ja tuotteiden taaksepäin yhteensopivuus mukaan lukien 

globaali näkökulma.  
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1  Introduction 

The aim of this study is to research the product change management and possibilities offered 

by the product lifecycle management (PLM) to a handling of product revisions in 

development and production phases. There is a motivation to improve the product lifecycle 

management system revision control discipline and connections to a product release 

practices in a case company.  

This introduction chapter provides a background information about the topic. The product 

lifecycle management overview and theoretical background of the research are presented in 

this chapter. The first chapter includes overview of product lifecycle management, related 

standards, and basic processes in the PLM. Information about current change management 

processes and practices related to products in the case company are presented as a basis for 

this research. Furthermore, definition of the product lifecycle management related terms and 

the PLM connections to other systems are part of this section. 

The research problem and research questions are presented in this chapter. In addition, the 

research goal and limitations of the research are described. In the end of the chapter a 

research methodology and a structure of the research work are presented. 

1.1  Overview and background 

The first section concentrates to the overview of product lifecycle management which is a 

wide topic (Stark 2022, p. 8). There are different processes and several definitions of the 

terms depending on a context and a company (Stark 2022, p. 579). The most relevant 

perspectives of the product lifecycle management are collected to this section. In addition, 

the first section includes the case company specific information about the terms, processes, 

and systems in use. 
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1.1.1  Product lifecycle management overview 

Manufacturing companies have pressure to cope with different constraints at a technical and 

an organizational level to be able to maintain and improve the competitive advantages such 

as productivity, flexibility, and efficiency (Demoly, Monticolo, Eynard, Rivest and Gomes 

2010, p. 269). The key enablers to meet the challenges in a global market are flexibility and 

changeability (Wiendahl, ElMaraghy, Nyhuis, Zäh, Wiendahl, Duffie and Brieke 2007, p. 

783). Therefore, according to Bruun, Mortensen, Harlou, Wörösch and Proschowsky (2015, 

p. 97) the companies are forced to increase the research and development (R&D) efficiency 

and provide new competitive solutions faster to the market. At the same time companies are 

facing the demand of develop solutions with lower cost. The industry needs to deal 

effectively with quality, cost, and time constraints because of the requirements of current 

economic situation. Competitive solutions are developed through cost cut actions which are 

related to product quality and productivity improvements. (Bruun et al. 2015, p. 97; Demoly 

et al. 2010, p. 269.) 

Huang and Gu (2006, p. 27) define that a product model and a process model are basic 

aspects of product development and in a mutual relationship with each other. The product 

modelling and the process modelling form the product development process. The integration 

of the product model and the process model aspects is important to an integrated product and 

process design. The integrated product and process development benefits in effective process 

management and helps to organize the development of product simultaneously and 

collaboratively across many functions. (Huang et al. 2006, p. 27.) 

According to Demoly et al. (2010, p. 269) the management of integrated product and process 

design is increasingly complex because of highly customized products (Demoly et al. 2010, 

p. 269). New and better products need to be introduced to the market and the lifecycle of the 

products should be controlled better especially from environmental and financial 

standpoints. Companies need to react quickly to the changes in supplier network, customer 

demands and the market overall. This is a big challenge particularly in early phases of the 

product development process. In addition, the errors or deficiencies detected in products or 

product model must be corrected quickly enough. (Vezzetti, Grazia Violante and Marcolin 

2013, p. 899.) A consistent engineering model, which enables the PLM integration, is needed 

in order to manage the information of integrated product and process design. The product 
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lifecycle management is a fundamental tool to cope with the challenges coming from global 

competition and shortening component and product lifecycle. (Demoly et al. 2010, p. 269-

270; Vezzetti et al. 2013, p. 899.) 

The product lifecycle management has an important role to manage products effectively in 

dynamic and competitive markets (Sääksvuori and Immonen 2008, p. 1). The product 

lifecycle management objective in high level is to improve decision making and 

collaboration with partners, reduce product related costs and give more value for the 

customers. The PLM is management system which manages the entire portfolio of products 

including individual parts throughout their lifecycle. The PLM enables efficient storing, 

finding, controlling and distribution of the data in all phases of the product lifecycle. 

(Sääksvuori et al. 2008, p. 1; Vezzetti et al. 2013, p. 899.) In addition, the PLM system helps 

and increases the possibility to reuse of the data as a matter of routine and minimize required 

engineering change management time (Habib, Menhas and McDermott 2022, p. 3). 

The product lifecycle management system includes product management processes from 

product development and implementation to change management throughout the product 

lifecycle ending to product retirement (Stark 2022, p. 1, 5-6). The objectives are different, 

in each phase of the product lifecycle. In high level product lifecycle can be defined by three 

main phases according to Terzi, Bouras, Dutta, Garetti and Kiritsis (2010, p. 364). The main 

phases are Beginning of life (BOL), Middle of life (MOL), and End of life (EOL). (Terzi et 

al. 2010, p. 364.) 

According to Terzi et al. (2010, p. 364) the beginning of life phase includes design and 

manufacturing. The product, process and plant design are part of the design and 

manufacturing phase. Middle of life means use and support phase containing distribution 

and maintenance phases. In this product lifecycle phase, the end user is using the product. 

Product availability and reliability improvement are the main focus areas in this phase. In 

addition, the maintainability has important role in the middle of life phase. The end-of-life 

phase starts when users are no longer satisfied of the product. The product is retired during 

the end-of-life phase. The product can be recycled, reused, or disposed in the end-of-life 

phase. (Terzi et al. 2010, p. 364.) The product lifecycle phases can be seen in figure 1. 
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Figure 1. Product lifecycle phases (Terzi et al. 2010, p. 365; mod. by author). 

 

According to Stark (2022, p. 1, 5-6) the product lifecycle can be divided in five phases which 

can be varying depending on viewpoint or industry sector. Manufacturing, user, marketing, 

and environmental viewpoints of the product lifecycle can be specific for the particular 

industry, but activities can be mapped to the five phases of the product lifecycle. The product 

lifecycle phases are ideation, definition, realisation, use and disposal. (Stark 2022, p.1, 5-6.) 

These five phases are shown in figure 2. The five phases which Stark (2022, p. 1, 5-6) 

presents are similar than the phases at the lower level of the three main lifecycle phases 

introduced by Terzi et al. (2010, p. 364-365). (Terzi et al. 2010, p. 364-365; Stark 2022, p.1, 

5-6.) 

 

Figure 2. Five phases of the product lifecycle (Stark 2022, p. 6). 

 

The product is in different states during the product lifecycle phases (Stark 2022, p. 5). The 

term of lifecycle can be seen as a set of phases that can be defined as independent stages of 
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the product lifecycle. According to Terzi et al. (2010, p. 364) the stages can be seen as pass, 

follow and perform. (Terzi et al. 2010, p. 364.) 

The ideation phase means that the product is just an idea without any specification according 

to Stark (2022, p. 5, 165). Anyway, some proposals and sketches can be done during the 

ideation phase. First draft of models and drawings might be needed and can be used for cost 

estimations in this phase. (Stark 2022, p. 5, 165.) 

These ideas from ideation phase are transformed to the detailed specification during the 

definition phase of the product lifecycle. The definition phase includes requirements 

collection, analyze, prioritization, and management of the product. The product requirements 

are identified and formed from relevant standards and regulations as well as production, 

delivery, and customer requirements. The essential requirements from the solution point of 

view should be listed, grouped, and documented. Duplicate and conflicting requirements 

should be removed in the definition phase. (Stark 2022, p. 5, 165, 285; Terzi et al. 2010, p. 

364.) 

The realization phase includes design and development of the product which can then be 

implemented into the production. During the realization phase, the product concept is 

created, prototypes are developed, and the product verification test are performed (Terzi et 

al. 2010, p. 364). Manufacturing bill of materials (mBOM) and processes are defined in this 

phase. Quality and design improvements are done through engineering change management 

process. Manufacturing of the product is planned and managed with internal and external 

suppliers during realization phase. The final form of the product is available and can be used 

by customers in the end of the realization phase. (Stark 2022, p. 5, 165-166; Terzi et al. 2010, 

p. 364.) This new product launch process which starts from the ideation of the product and 

ends to the launching of the new product on the market can be called as new product 

introduction (NPI) (Sääksvuori et al. 2008, p. 249) or new product development (NPD) 

(Stark 2022, p. 14, 138). 

The customer is using the product during the use phase. At the same time manufacturer needs 

to support the product usage by having the user manuals, other end user guidance processes 

and customer feedback process in place. Real time control and preventive services as well 

as failure and maintenance information collection can be organized by manufacturer. In 



 

17 

 

addition, the maintenance capability, repair procedures and spare parts are needed to be 

maintained according to the product. (Stark 2022, p. 6-8, 165-166; Terzi et al. 2010, p. 364.) 

In the end of the product lifecycle, the product is not useful anymore for the customers and 

it is retired by the company. In most of the cases the product is recycled by the customer or 

by the company. The product can be disassembled, reassembled, reused, or disposed. 

Recycling can be done also by a third-party recycling company. (Stark 2022, p. 5-8, 165; 

Terzi et al. 2010, p. 364.) A table 1. shows some of the information that is needed during the 

phases of product life cycle for different products. 

 

Table 1. Product data examples across the product lifecycle (Stark 2022, p. 165; mod. by 

author). 

Ideate Define Realise Support / Use Retire / Recycle 

Ideas Software code Label data Field data Disassembly lists 

Proposals Requirements Process plans Customer complaints Recyclable codes 

Drawings Regualtory rules mBOMs Service manuals EOL notification 

Models eBOMs Fixture designs Installation guides Recovery procedure 

Sketches Assembly drawings Welding instructions sBOMs Disposal lists 

Review results Ingredient lists Cleaning guidelines Repair procedures Part-out plans 

Cost estimates Master data Change requests Spare part policies Teardown reports 

Idea scores Risk reports Quality findings Sensor reading lists Change requests 

 

During the product development and manufacturing a lot of different kind of information is 

created and used. The product use phase requires supporting documentation like user and 

service manuals. In addition, the controlled retirement and recycling phase is requiring 

variety of data creation and documentation. The product data is depending on the company 

and large scale of other factors such as industry sector and supply chain position of the 

company. Furthermore, the history of the data creation and organizing can influence the 

product data. (Stark 2022, p. 165-166.) 

Morris and Pinto (2004, p. 16-17) define that the cost of changes increases significantly 

when the product lifecycle has entered to the realization and implementation phase compared 

to the cost of change during the ideation, definition, and design phases of the product 

lifecycle. In the ideation and definition phases there are fewer persons involved to the 
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process and decision making is more strategic driven than in realization and implementation 

phases. (Morris et al. 2004, p. 16-17.) This is illustrated in figure 3. 

 

 

Figure 3. Cost of change over the product lifecycle (Morris et al. 2004, p. 16). 

 

The change impact to cost is even more increasing when changes to the manufactured 

product are needed. The need of change and possible solutions need to be analysed 

thoroughly before implementation. The impact of changes on requirements, the product 

structure and documents should be understood. Marketing and sales costs as well as factory 

warehouse costs can be remarkable when the engineering changes are done for the products 

in use. (Morris et al. 2004, p. 16-17; Sharp, Hedberg, Bernstein and Kwon 2021, p. 4995.) 

1.1.2  Product lifecycle management processes 

Individual product related activities such as ideation, definition, realization, supporting of 

use and retirement are formed into business processes in the product lifecycle management 

environment. The business process can be defined as set of activities which creates business 

value and are organized such as objectives, inputs and outputs, scope, and roles. These 

definitions are important because persons from several functions are participating to the 

business activities. (Stark 2022, p. 9, 14.) The activities are related to design and 

manufacturing as well as marketing, sales and after sales processes. These processes are 

including connections to subcontractors and other partners throughout the whole supply 
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chain. It is seen important to organize and design the processes so that the product related 

activities are supporting the product throughout the product lifecycle. (Stark 2022, p. 14; 

Sääksvuori et al. 2008, p. 37.) 

The business processes which are related to product lifecycle management are more 

complex, contains more tasks and requires more time to execute than the business processes 

in other areas of the company. The business processes are usually product specific and 

industry specific in the product lifecycle management environment. In addition, most of the 

business processes in the PLM environment are company specific. (Stark 2022, p. 110.) 

Standard product related processes in the product lifecycle management point of view are a 

product and an order-delivery processes. These processes are usually integrated to each 

other. (Sääksvuori et al. 2008, p. 37.) These processes can be seen corresponding to the 

lifecycle phases which are the product ideation, the product definition process, the process 

of product realisation. Furthermore, the process of product support and the product 

retirement are part of the business processes. The sixth process is product portfolio 

management (PPM). (Stark 2022, p. 14, 107-108.) 

The product process can be divided in high level as new product development (Stark 2022, 

p. 14) or new product introduction (Sääksvuori et al. 2008, p. 37), engineering change 

management, and product portfolio management. The product process includes new product 

development and introduction to the market. The maintenance and change processes to the 

existing product are part of the product process. This can be seen as engineering change 

management. (Sääksvuori et al. 2008, p. 37; Stark 2022, p. 14.) 

From the perspective of the individual product, the order-delivery process can be seen as the 

entire life cycle of the physical product. The order-delivery process includes order, delivery, 

and supply chain functions and after sales perspective of the product lifecycle. The after 

sales period for capital goods can span an extensive period even from 10 to 30 years. 

(Sääksvuori et al. 2008, p. 37.) 

According to Sääksvuori et al. (2008, p. 37) sourcing and procurement are in important role 

in the beginning of product lifecycle. The information about components, assemblies and 

parts are provided to the sourcing and procurement functions. Sales needs the configuration 

and the product information quite early in the product lifecycle process. After the new 

product development phase, the product information is communicated to the production. 
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Changes to the product design and spare part documentation are informed to production and 

after sales in the maintenance phase of the product lifecycle. (Sääksvuori et al. 2008, p. 37.) 

This can be seen from the figure 4. 

 

 

Figure 4. Product and order-delivery processes (Sääksvuori et al. 2008, p. 38; mod. by 

author). 

 

The product portfolio management contains a portfolio of products. The products can be 

grouped as product families or product lines according to a function of various 

characteristics. The products can have similar functionality or production processes. They 

can be in same price category or used and sold in particular industry. There can be different 

product line names which can be used as identifier of the product group. (Stark 2022, p. 92.) 

Business processes need to be redefined when there are product related changes or 

organisational changes. New activities related to connected product can cause changes to the 

processes and for example new equipment to assemble the connected product is needed. This 

may lead to new role in organization to addressing connected products. (Stark 2022, p. 345.) 
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The product lifecycle management includes several elements such as processes, data, and 

applications, that need to be managed throughout the product lifecycle. The product 

environment is complex and broad. The product management can have challenges for 

example because of the interconnected components. (Stark 2022, p. 405.) 

1.1.3  PLM change and revision management 

An engineering change management (ECM) process is one of the business processes which 

all companies have in the product lifecycle management environment (Stark 2022, p. 132). 

The name of the process can be varying by company. The engineering change management 

can be defined as organizing and controlling of the process of an engineering change (EC) 

(Jarratt, Eckert, Caldwell and Clarkson 2011, p. 105). It allows controlled change of parts, 

components, products, drawings, or any other items in the product lifecycle management 

system throughout the product lifecycle. The size, type and time of change and people 

involved during the change can be vary depending on the case. (Quintana, Rivest, Pellerin 

and Kheddouci 2022, p. 80; Jarratt et al. 2011, p. 105.) 

The engineering change management ensures that all changes are defined and documented 

in controlled way throughout the product lifecycle. The engineering change management 

reduces risks caused by inappropriate changes and creates a formal process for the change 

management. It ensures full traceability of all changes in the PLM items such as components 

and products. (Stark 2022, p. 132-133; Quintana et al. 2022, p. 80.) 

The purpose of engineering change management process according to Stark (2022, p. 133) 

is to define the product in creation phase and changes should be defined, documented, and 

controlled during the product lifecycle in order to keep the product up to date all the time 

(Stark 2022, p. 133). At the same time, it can be seen as the change for items that have been 

released already during the product design process phase (Jarratt et al. 2011, p. 105-106). 

According to Jarratt et al. (2011, p. 105-106) the engineering change term can be used when 

referring to alterations made to products, parts, drawings, or software. The engineering 

change appears throughout the product design life cycle starting from a first partial design 

release to the later modifications in service phase of the product until retirement. During the 
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product lifetime, activities differ considerably depending on the phase of product lifecycle. 

(Jarratt et al. 2011, p. 105-106.) 

Companies use different terminology when describing the change processes occurring at 

different stages of the product life cycle. The base of the processes is similar engineering 

change process despite the different terminology used. Companies do not have exactly a 

similar change process even there might be similar parts in the processes. The differences 

appear in the details of each step of the engineering change process and are depending on 

the initiation of change process upon the product lifecycle. (Jarratt et al. 2011, p. 106.) 

According to Stark (2022, p. 133, 136) unfortunately, there is not an international standard 

for defining ECM process. All companies must define own processes, but guidelines can be 

found out for example from ISO 9001:2015 and ISO 10007:2017.  (Stark 2022, p. 133,136.) 

An engineering change is usually triggered by external factors, and it is fundamental part of 

the product lifecycle (Yin, Sun, Tang, Xu and Shao 2022, p. 1). The engineering change can 

be seen as a part of formal process of industry (Reddi and Moon 2011, p. 1225). The 

engineering change is used to correct the design faults and improve the product performance 

and quality. Safety requirements are important, and all safety related issues must be corrected 

in order to meet the safety aspects. Requirements or supplier can be changed, and it can 

cause the need for engineering change. Furthermore, engineering changes can be used for 

utilizing market opportunities and reducing the product costs. Overall, the engineering 

changes can be seen as possibility to stay profitable and competitive in the market (Reddi et 

al. 2011, p. 1225, 1229). (Pan and Stark 2022, p. 1; Jarratt et al. 2011, p. 109.) 

Several components and complex relationships among them are typically defining the 

product (Yin et al. 2022, p. 1). The engineering change is a major practice during the product 

development and the value of engineering change management has to be noticed. Successful 

product development requires always engineering changes. The entire development process 

is consisting of constant changes and the management of changes is a major issue in 

engineering of components, products, and systems. (Fricke, Gebhard, Negele and Igenbergs 

2000, p. 169.) The big challenge of the engineering change is to understand the logical 

relations of components and prediction and subsequent impact of upstream component 

change progression (Yin et al. 2022, p. 1). The engineering change management practices, 

and rules are important part of succeeding especially with global components and products 

(Sääksvuori et al. 2008, p. 24, 91). 



 

23 

 

The ECM process can be split to different number of phases (Jarratt et al. 2011, p. 106). 

According to Reddi et al. (2011, p. 1226), the engineering change management process can 

be divided in four separate phases which forms defined procedures to the management of 

entire engineering change from the beginning to implementation and documentation. The 

defined four stages according to Reddi et al. (2011, p. 1226) are engineering change 

proposal, change approval, engineering change plan and implementation and documentation 

of the change. (Reddi et al. 2011, p. 1226.) Similar engineering change process description 

is presented by Jarratt et al. (2011, p. 106-107). It includes six phases (Jarratt et al. 2011, p. 

106-107) and can be seen in figure 5.  

 

 

Figure 5. Generic engineering change process (Jarratt et al. 2011, p. 107). 



 

24 

 

The generic engineering change process main steps are according to Jarratt et al. (2011, p. 

106-107):  

• Creating the engineering change request. 

• Identification of potential solutions for change request. 

• Impact analysis and risk evaluation of the implementation of possible solutions 

including schedule, budget, and relationship with suppliers. 

• The approval of selected solution. 

• Implementation of the engineering change. 

• The review of change and gather lessons learned. 

A current version of data and a release status are important information to development, 

customer service, order processing, manufacturing and for after sales. All parties of product 

lifecycle need an accurate data of the changes and the change release status. (Stark 2022, p. 

134.) 

In ideal situation, the engineering change management controls everything in product change 

process and keeps traceability under control (Stark 2020, p. 135). In practice, many different 

reasons can lead to confusion in the PLM system change management point of view. 

Different information sources, communication errors and manual work can lead to delays 

and misunderstandings. The proper change process in the PLM system appeared to be time 

consuming and inefficient in some cases. Alternative ways of working can be used because 

of the lack of information or heavy change management processes. Responsibilities and 

understanding of the change process can be unclear. These reasons are making people to 

avoid the proper change process and most of the minor changes are made without any 

revisioning. In the longer term, poor revision management can lead to longer lead times, 

reduced quality, and increased product costs. (Stark 2020, p. 6, 133-136; Sääksvuori et al. 

2008, p. 32, 100.) 

1.1.4  ISO standards related to change and revision management 

Various ISO standards indirectly apply to the business processes of the PLM environment. 

The standards specify requirements and give guidelines for quality, traceability, and 

configuration management. In addition, the guidance related to the change control is 
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mentioned in standards. These standards do not describe standard processes in detailed level 

as the purpose of the ISO standards is to be generic and applicable to all organizations 

regardless of the size or type of organization or the field of industry. (Stark 2022 p. 107; ISO 

9001 2015 p. 1.) 

The business processes must be defined by each company separately because a unified 

standardized way is missing. Companies can define the processes, taking the regulations into 

account, as efficient as possible. This can be an asset as the business processes have an 

important role in a performance and a behaviour of the company. On the other hand, this can 

become a disadvantage if the processes are not precisely defined. (Stark 2022 p. 107; ISO 

9001 2015 p. 1.) 

ISO 9001:2015 specifies requirements for the products and services which ensure the needed 

confidence level for the company and increase customer satisfaction. Internal 

communication and better controlling of processes in organization can be improved by 

proper implementation of the ISO 9001:2015 standard. (ISO 9001 2015, p. 25.) 

According to ISO 9001:2015, the design and development process shall be controlled to 

ensure that desired result are specified, and changes need to be reviewed in order to evaluate 

the ability to meet the requirements. A verification is needed to ensure that requirements are 

met with the design and development. Validation activities ensure that the products and 

services fulfil the requirements which are valid for the specific application. Reviews, the 

verification and the validation of the design and development can be organized separately or 

at the same time in an appropriate manner to the product and service of the company. 

Records of the review, the verification and the validation of changes and necessary actions 

need to be maintained. (ISO 9001 2015 p. 12.)  

Changes made during or after the design and development of products and services need to 

be identified, reviewed, and controlled to ensure that there are no adverse effects on 

conformity. Documented information about the design and development changes and review 

results needs to be retained. Furthermore, the change authorization and the preventive 

actions to adverse impacts should be documented. (ISO 9001 2015 p. 13.) 

Traceability requirements and product and service identification requirements specified in 

ISO 9001:2015 can be met according to ISO 10007:2017 which gives guidelines for 

configuration management. The purpose of ISO 10007:2017 is to support technical and 
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administrative direction of the configuration management throughout the product lifecycle. 

Configuration management is activity that applies the identification of the product and 

service as well as related configuration information of product and service. (ISO 10007 2017 

p. V.) 

ISO 10007:2017 outlines the configuration management process, responsibilities, and 

authorities. The configuration management process includes planning, configuration 

identification and change control. In addition, status accounting and audit of configuration 

are part of the configuration management process according to ISO 10007:2017. (ISO 10007 

2017 p. V; ISO 9001 2015, p. 26.) 

All changes after the first release of configuration information should be controlled based 

on ISO 10007:2017. The change control process should be documented. The documentation 

should include a description and categorization of the change, an evaluation of possible 

consequences of the change, detailed information on how the change need to be 

dispositioned, and details about the implementation and verification of the change. (ISO 

10007 2017 p. 4.) 

1.1.5  Introduction to KONE Corporation 

KONE Corporation is a global leader in the elevator and escalator industry according to 

KONE Annual review 2022 (KONE 2023a, p. 1). KONE provides also automatic building 

doors, maintenance, and modernization solutions with focus on adding value to the life cycle 

of buildings around the globe. Mission of KONE is to improve the flow of urban life and 

make world’s cities better and more sustainable places to live. Through People Flow 

solutions, in taller and smarter buildings, KONE makes journey of people safe, convenient, 

and reliable. (KONE 2023a, p. 1-3.) 

There are three major megatrends which shape global elevator and escalator industry and 

KONE business. Those megatrends are urbanization, sustainability, and technology. 

Urbanization increases demand for efficient movement and accessibility solutions like 

elevators and escalators. There is need to maintain infrastructure of older buildings safely 

and reliably. Sustainability increases interest for example to embodied carbon data and green 

and net zero buildings. Technology raises interest for example to building automation 
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systems which can be connected to elevators and escalators. In accordance with the needs 

created by megatrends, KONE focuses on developing solutions which are intelligent and 

embedding sustainability across all KONE operations, together with customers and partners. 

(KONE 2023a, p. 1-3; KONE 2023b, p. 9.) 

Sales of KONE was over 10 billion euros in 2022 and there are 1,5 million equipment in 

KONE’s maintenance base. Every day KONE moves over 1 billion people and has 

operations in over 60 countries. KONE has 60 000 employees around the world. (KONE 

2023a, p. 1.) 

1.1.6  Definition of terms 

This section defines the main terminology used in this research. The case company specific 

terms and definitions are described after the commonly used terms are defined. 

The common terminology is important and need to be agreed throughout the companies 

because there are not standardizes terms about the product lifecycle management available. 

There are different definitions for same words and usually similar terms are used with 

different meanings. (Stark 2022, p. 579.) 

Item 

An item can be seen as a physical product, as a part, a piece, an element, a component or an 

assembly, or any material for the product or service. Additionally, documents can be 

identified through items. Items can include packaging, moulds and fasteners, installation 

tools and embedded software. (Sääksvuori et al. p. 248; Stark 2022, p. 74.) Terms such as 

component and product are mainly used in this study. 

Component 

A component is subset of the product. The component defines set of design that shares 

common characteristics, configuration rules and functions. It can be used as in one or several 

different products. Component is defined as one of the main components of an elevator in 

this case. A hoisting machine and an elevator car are examples of the elevator components. 

(KONE 2017, p. 4.) 
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Product 

A product can be defined as a physical product, service, software, or combination of all 

those. It can include for example packaging, labelling and user manual. The physical product 

is defined as tangible product which can be touched such as goods. Intangible products are 

such as software or service which cannot be touched. The product can be a combination of 

different solutions which are containing products and services. (Stark 2022, p. 4; Sääksvuori 

et al. 2008, p. 1.) 

The product is something what the customer wants to buy and use. Regardless the difference 

product embodiment, there are many common items between products. The product is base 

for the company’s revenues and without the product there are not customers. New products 

and product upgrades maintain the company’s viability and brand. (Stark 2022, p. 72-74; 

Sääksvuori et al. 2008, p. 1.) 

There is not standardised wording in PLM systems and the word like product can mean 

several things depending on the situation and the company. The product can refer an 

instance, or batch or even a series sometimes. (Stark 2022, p. 73.) 

In this research, the product refers to the entire elevator system including all elevator 

components. The main components of the elevator are guide rails, the hoisting machine, the 

electrical drive, ropes and compensation chains, the elevator car and sling, and the 

counterweight. The elevator system includes also cables and electrical components, shaft 

materials, car and landing doors, and car and landing signalization devices. (KONE 2021, p. 

2-4.) Main components of the elevator are shown in figure 6. 
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Figure 6. Components in machine-room-less elevator (KONE 2019, mod. by author). 

 

Bill of materials 

There are different definitions for a bill of materials (BOM). According to Sääksvuori et al. 

(2008, p. 8, 245) the bill of materials typically refers to a manufacturing part list that is 

usually a flat single-level part list and not exactly the same than product structure. The bill 

of materials is not necessarily containing the product structure or component hierarchy but 

just the information about the needed components for assembling the product by 

manufacturer. (Sääksvuori et al. 2008, p. 8, 245.)  

The bill of materials can be seen as the product structure which consists of a hierarchical 

structure of different parts according to Morshedzadeh, Ng and Jeusfeld (2021, p. 256). The 

hierarchical structure is making up an end item for example the part or the product. There 

can be multiple BOMs for one product. Each assembly contains several parts and parts 

consist of features. (Morshedzadeh et al. 2021, p. 256; Stark 2022, p. 90.) 
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It is possible to have several BOMs for the same product during the product lifecycle. At 

various stages of the product lifecycle, users want to have the product structure that is best 

suited to the tasks that they are doing. An engineering bill of materials (eBOM) presents 

objects which are forming the end item from the design point of view. A manufacturing bill 

of materials describes the product from manufacturing point of view. From service point of 

view there can be a service bill of materials (sBOM) available for the product during the 

lifecycle. (Stark 2022, p. 90, 244.) 

Product structure 

A product structure describes hierarchically the information of the product and its 

relationship to other information. It represents the product components, assemblies, parts 

and the relation between them. The product structure can be used for generating the product 

from its components. A top level of the structure is the main entity and entities at the level 

down are called as children. (Sääksvuori et al. 2008, p. 249; Stark 2022, p. 89-90.) Example 

of hierarchical graphical product structure can be seen in figure 7. 

 

 

Figure 7. Example of hierarchical graphical product structure (Stark 2022, p. 90). 

 

According to Sääksvuori et al. (2008, p. 30), the product structure is one of the most 

important items to manage and maintain in the product lifecycle management system 

because the base for several other system functions is provided by the product structure 

features. Version management, change management and configuration management are 

usually based on product structure management. In addition, it is possible to filter certain 
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parts and assemblies of the product structure when some parts are emphasized, and others 

are hidden. The product lifecycle management system allows creating special views of the 

product structures. (Sääksvuori et al. 2008, p. 30.) 

Engineering structure 

The hierarchical master product structure is called engineering structure (ES) in the case 

company. It reflects the real world and describes the product as it appears and functions in 

the lifetime of product following the installation on site. The proper product structure is 

prerequisite for product quality and for upstream processes. The consistent product structure 

improves data quality and leads to better product quality. All the stakeholder requirements 

should be taken into consideration when defining the engineering structure. (KONE 2017, 

p. 8; KOS-000065 2020, p. 6; KONE 2018, p. 14.) 

The master product structure in the case company includes materials, characteristics, 

configuration rules, documents of the product and relationships between them. It can include 

raw materials, weight calculations, price keys, order orchestration and pre-settings for other 

structures. In addition, manufacturing and assembly instructions are included to the 

engineering structure. (KONE 2017 p. 5; KOS-000065 2020, p. 6) Figure 8. shows the 

content of engineering structure.  

 

 

Figure 8. The content of the engineering structure (KOS-000065 2020, p. 6). 
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The engineering structure consists of the product data management (PDM) model and 3D 

models in most of the cases. The engineering structure is base for other product lifecycle 

management structures like for example delivery structure (DS), spare part structure, service, 

and maintenance structure. In addition, the consistent product structure is good foundation 

for standard and non - standard products. (KOS-000065 2020, p. 6.) Other structures that 

can be created from the engineering structure are visualized in figure 9.  

 

 

Figure 9. Other structures created from engineering structure (KOS-000065 2020, p. 7). 

 

Delivery structure 

The delivery structure describes the product content as it is purchased from supplier and 

delivered to the installation site efficiently in the case company. The delivery structure is 

defined with manufacturing, sourcing, logistics, production planning and material 

management functions. The delivery structure can be defined for each supply unit separately. 

The generated delivery structure is linked to the engineering structure in the case company. 

(KOS-000065 2020, p. 25; KONE 2017, p. 5.) 

Backward compatibility 

Yoo (2023, p. 3351) defines that an essential feature in system design for sustainable, 

reusable, and integrated systems is backward compatibility. Backward compatibility can 

usually be defined as the ability of a newer version of a system to interact with an older 

version and older environment of the same system. In order to increase compatibility, 
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interfaces should be designed to support and facilitate backward compatibility with newer 

releases in the specification (Toeroe and Tam 2012, p. 35, 293). In software industry, 

backward compatibility has been as a fundamental feature. Backward compatibility is 

essential also for survivability in the market and not only for seamless functionality. In 

addition, this is true to hardware systems. (Yoo 2023, p. 3351.) 

1.1.7  KONE internal standards and processes 

KONE has own internal standards which define technical rules, practices, and standards 

valid across the company processes and units (KOS-000001 2020, p. 2). There are different 

situations which are affecting to the change and revision control usage and practices in the 

case company. The most common cases in high level are a new product development and 

implementation, technical changes and offering improvements, and bug fixings. (KOS-

000032 2022, p. 2.) 

Solution creation 

The goal of the solution creation process is to foster novel innovations, to develop and 

maintain innovative and cost-competitive solutions that provide a competitive advantage and 

delight our customers and the company throughout the product lifecycle. The solution 

creation consists of following processes over the product lifecycle (KOS-000031 2018, p. 2-

4): 

• Develop concepts 

• Develop solutions 

• Develop software 

• Manage product changes 

• Release solutions 

These processes can be seen in figure 10. The develop solutions process is important in order 

to be able to introduce new product to the market. Product change management processes 

are the biggest part of the product lifecycle. 
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Figure 10. Solution creation process over a product lifecycle (KOS-000031 2018, p. 2). 

 

Develop concepts 

The purpose of develop concepts process is to study and develop new concepts and 

technologies and testing of new ideas. This enables fast and efficient solution development 

to maximize the value to our customers and the company. (KOS-000031 2018, p. 4.) 

Develop solutions and sofware 

New product development and implementation is carried out through develop solutions 

process with seven milestones in the case company. There are similar stages and 

requirements for large projects and smaller component and product development actions. 

Large projects are done according to purple process milestones using specific swim lane 

division. Smaller development actions can be done according to change request (CR) 

process. (KOS-000032 2022, p. 3; KOS-000107 2022, p. 9-11.) Purple process milestones 

can be seen in figure 11. 

 

 

Figure 11. Purple process milestones (KOS-000107 2022, p. 9). 
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The purple process relies on gates which all are the business and the project management 

related decisions to steer the project and decide about its continuation. All the gates have the 

specific decision described below (KOS-000107 2022, p. 9-11): 

• D0: Authorize execution 

• D1: Requirements sign-off 

• D2: Specification sign-off 

• D3: Design sign-off 

• D4: Ready for process validation 

• D5: Ready for release 

• D6: Close project 

 

Manage product changes and release solutions 

The product management includes code compliance, product safety, quality, and reliability. 

Customer satisfaction and the product competitiveness are seen as part of the product change 

management process in the case company. The purpose of the product change management 

process is to harmonize the product change management practices and tools for supporting 

the management of global products. Furthermore, component technologies and supply chain 

support over the product lifecycle are part of the product change management process in the 

case company according to internal standard KOS-000032 (2022, p. 2). (KOS-000032 2022, 

p. 2.) 

The product change management ensures quality, cost competitiveness and supply capability 

of the product. The product is actively sold during the product maintain phase. The key 

processes in this product maintain phase are responsive feedback and corrective action 

process, the product reliability monitoring continuously, and the product changes and 

scheduled releases well-organized. (KOS-000032 2022, p. 2.) 

Technical changes and offering improvements are done according to change request process. 

Bug fixings are mandatory and need to be done fast in production and all affected revisions. 

Bug fixings can be done only for new tenders and orders. In some cases, also all existing 
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tenders and orders need to be updated. Change process milestones are following (KOS-

000032 2022, p. 5-7): 

• C0: Initiate 

• C1: Plan 

• C2: Decide 

• C3: Design 

• C4: Implement 

• C5: Validate 

• C6: Release 

The product is retired from new sales after active sales phase. KONE continues to maintain 

and service the products in the customer premises. Availability of spares, product support 

and accessible product information are important after the retirement. (KOS-000032 2022, 

p. 2.) 

Termination of the product or the component means a transition phase where the spare part 

supply has stopped. When the product or the component has become unnecessary or replaced 

by a new product or component it can be called as the termination phase. (KOS-000032 

2022, p. 2.) 

The product modelling and the product change management are an integral and large part of 

the solution creation processes. The configurable product modelling methodology, processes 

and practices are descripted in KONE standard document. (KOS-000065 2020, p. 5.) 

Product modelling and revision creation 

KONE standard called KOS-000065 (2020) describes principles for product modelling of 

KONE products. There is chapter which gives instructions to create new revision of KONE 

materials and documents. There are mentioned two main steps in KOS-000065 (2020, p. 34) 

which can be seen from figure 12. The main steps are (KOS-000065 2020, p. 34):  

• create a new revision, 

• do needed modifications. 
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Figure 12. Steps to revise a KONE Material (KOS-000065 2020, p. 34). 

 

Prerequisites for revision creation are clear need for the modification and change request 

(CR) creation. KOS-000065 (2020, p. 34) gives guidelines and mentions possible pitfalls 

which should be avoided. New draft revision can be created after previous revisions are in 

released state. Interchangeability rule should be followed and ensured, and it can be led to 

creation of new KONE material instead of new revision. (KOS-000065 2020, p. 34.) 

1.1.8  PLM integration with other systems 

The product lifecycle management system is used to share and exchange the product data 

with other systems and applications. The product lifecycle management system 

implementation does not usually displace any existing systems (Sääksvuori et al. 2008 p. 

53). It typically enhances present infrastructure with the added value of its own. The 

relationship between the product lifecycle management and enterprise resource planning 

(ERP) is depending about the company processes. (Stark 2022, p. 266; Terzi et al. 2012, p. 

373-374.) 

According to Stark (2022, p. 266, 270), the product lifecycle management applications 

contain the product data that needs to be accessible to other enterprise applications like 

enterprise resource planning, customer relationship management (CRM), and software 

configuration management (SCM). In addition, there can be advanced planning systems 

(APS) for improving multisite production scheduling in use (Terzi et al. 2012, p. 373-374). 
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ERP application manages inventories, capacity and schedules. It can include orders, cost, 

and forecasts. Customer relationship management application manages all sorts of customer 

information such as customer requests and requirements, and experience and problems. 

Software configuration management applications manage software development and 

modification. Interfaces are needed between the PLM application and other enterprise 

applications. (Stark 2022, p. 266, 270.) 

Sääksvuori et al. (2008, p. 53) sees that the product data management system benefits such 

as the special features for managing product items and documents, which are not commonly 

found from the ERP or CAD systems. On the other hand, the product lifecycle management 

system lacks some features that are natural for the ERP system. The product lifecycle 

management systems and enterprise resource planning are not substitutes but rather 

complementary. (Sääksvuori et al. 2008 p. 53.) The product lifecycle management system 

integration example is illustrated in figure 13. 

 

 

Figure 13. Example of the PLM integration with other systems (Sääkvuori et al. 2008, p. 

54). 

 

An ideal strategy is to centralize data updates to a single location. While other systems access 

and, if needed, replicate information from PLM databases, it's essential that the primary 

source of the data and the business process it supports are well-defined within the company. 

The design of operations should aim for exclusive data updates within a single system to 

prevent redundancy and maintain data integrity. (Sääksvuori et al. p. 53.) 



 

39 

 

1.1.9  PLM integration with other systems in KONE 

The PLM system is integrated to sales configurators and ERP system in the case company. 

These are forming the basic systems for the order process. Furthermore, an integral part of 

the system is software, mechanical and electrical design tools, and CAD robots. Figure 14. 

visualizes the integration of the systems and users of the data. (KONE 2023c.) 

 

 

Figure 14. PLM integration with other systems in the case company (KONE 2023c). 

 

Manufacturing, documentation, and maintenance personnel are users of the PLM data. In 

addition, the product lifecycle management system data can be used by supplier web, 

customer web and for compliance. (KONE 2023c.) 

1.2  Research problem 

The research problem of the study is related to the management of PLM revisions of the 

products and their connections to product releases in the case company. The challenges in 

the release process have become more visible along with global products. The global 

products require shorter release cycle and faster reaction time than local products when 



 

40 

 

implementing new features and offering improvements. The release cadence is different, and 

it is causing challenges especially with global products. The product releases are normally 

performed once a year in Europe and twice a year in Greater China region, Asia Pacific area, 

and Middle East. 

Currently the one product revision corresponds to the specific product release in the case 

company. As a result of the current approach, there are several product revisions in use at 

the same time. It means that a last order intake (LOI) for previous release can be in a year or 

even longer after the new release date. This creates challenges, for example, when there is 

an error or another mandatory change that must be updated in all the active revisions in 

tendering, ordering and other sales tools, PDM and ERP systems. The need for updating 

several releases and revisions increases workload and possible number of mistakes. 

In addition to the error correction, there is need to perform technical changes to older releases 

between the product release cycle due to cost saving actions, code related changes, other 

technical improvements, and process changes. The most of this kind of changes are not 

directly visible to front lines (FL) or customers and not necessarily need any product release.  

In practice, the release specific revision is in draft status and under work many months or 

even one year and this causes delay for releasing offering improvements and new features. 

Figure 15. shows releases and possible revision updates. 

 

 

Figure 15. Release schedule and example of revisions 
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A first revision has been created for release 21.2 but there might be need to update it still for 

release 22.1, release 22.2 and release 23.1. Currently minor revisions and releases are used 

for this kind of updates instead of major revisions. This is valid for all the releases and can 

lead to a situation where several releases should be updated at the same time. 

The product release changes and offering improvements are normally validated through 

supply line (SL) order process before the product release. The product release validation is 

time consuming and difficult because a large number of test orders must be validated 

simultaneously. 

1.3  Research questions 

The objective of this research is to examine the current state and propose an action plan to 

improve the PLM system revision control practices, discipline, and connections to the 

product release in the case company. The objective can be achieved by examining answers 

to following research questions: 

• Is it possible to use only the latest engineering structured revision in production? 

• Is it possible to make a separate technical product release without / at a different time 

than the product release? 

• What should be taken into consideration if the technical product release and the 

product release are made on a different schedule? 

o Is it possible to perform the necessary validation? 

o Is there a need to inform customers or front lines? 

• How do global products affect to the management of revisions? 

These research questions help limit the scope of the study. After defining the research 

questions, it is also easier to choose the most appropriate research methods including data 

collection and analysis techniques. 
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1.4  Research goal 

The research goal is to create improvement suggestions to facilitate the management of 

revisions at the product level in the case company. The actual deployment of the 

improvement suggestions will be done later because the current ways of working are part of 

the company culture, and the introduction and deployment of new methods take time.  

1.5  Limitations of the research 

The scope of the research is limited to the management of the product level revision control. 

The product means in this case the whole elevator system which includes several 

components. A component revision management and factory stock inventory management 

are limited out from the scope of the research. 

1.6  Research methodology 

A research methodology can be seen as an overall approach of the research process including 

a set of ideas and principles that guide the design of research (Mills and Birks 2014, p. 9). 

The research methodology presents reasons why certain methods are used in the process and 

helps to resolve the research problem systematic way. Data gathering, usage of statistical 

techniques, interpretations and conclusions about the research data are involved. (Murthy 

and Bhojanna 2008, p. 32.) 

When research questions are known and written it is possible to choose the research 

methodology. The research questions and objectives have remarkable position when 

defining the most suitable research methodology to use. The research methodology selection 

and influence are linked to the use of methods and eventually the expected outcome of the 

study. (Mills et al. 2014, p. 10.) The methodology of the research helps to decide suitable 

methods to answer to the research questions and how to use these methods to achieve the 

best effect. The data collection methods, data analysis, participant selection and used 

instruments are part of the selected research methods as well as reporting of the study. (Carter 

and Little 2007, p. 1318; Morgan 2007, p. 64.) 
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Qualitative research is used as the research method in this thesis. Qualitative research 

methods represent a wide range of data collection methods (Kuada 2012, p. 94). These data 

collection methods include for example participant observation, interviews, ethnography, 

grounded research, hermeneutic analysis, and a case study (Kuada 2012, p. 94; Eskelinen 

and Karsikas 2014, p. 76-77). The qualitative research method includes the data collection, 

data analysis and interpretation of the data. The qualitative research data is not usually easily 

converted to numerical information. (Anderson 2010, p. 1.) 

According to Hirsjärvi and Hurme (2000, p. 39-40), qualitative research method is selected 

in order to study further to the individual observations of the interviewees. The purpose is to 

bring the case under consideration into a broader context through individual observations. 

Qualitative research is described as a research method that proceeds from an individual level 

to a broader understanding. Qualitative research can be seen as the method where the 

research is examining emerging processes as a participant and seeks to find some 

regularities. (Hirsjärvi et al. 2000, p. 39-40.) 

Qualitative research methods, such as interviews and the case study, are selected for the main 

source of information for this research. Qualitative data collection methods are suitable for 

the research because it is investigating new insights into the revision management and the 

product release practices in the case company more than finding verification for existing 

theory (Kuada 2012, p. 94; Eskelinen et al. 2014, p. 76-77). 

The interviews of the case company employees are conducted to gain insight into how the 

PLM revision management and the product release practices are seen currently. In addition, 

the most important improvement targets for PLM revision management in the case company 

are gathered through interviews. 

The case study method emphasizes in-depth examination of one or several carefully chosen 

instances, assisting researchers to understand the connections and complex relations around 

the case (Anderson 2010, p. 2). The research subject might be a process, an organization, a 

group, or an individual. Case studies are not confined to qualitative or quantitative research 

techniques but instead their goal is to synthesize insights about the research subject. 

Generally, case studies are not intended to gain findings that are broadly applicable and 

generalized. The case study suits better to answer the “how and why” type research questions 
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because there are not extensive fundamental theories. (Eskelinen et al. 2014, p.76-77; 

Anderson 2010, p. 2.) 

The case study examines how revision management for global product can be performed and 

what advantages and challenges are encountered during the product release process. Through 

the case study, it is possible to get an understanding of the operations in the case company. 

The important elements of the PLM can be noticed and analysed with the case study. The 

interviews and the case study together bring valuable input to the improvement suggestions 

presented in this research. 

1.7  Research structure 

The structure of this study follows IMRAD structure used for technical reporting. The 

research consists of six chapters which are introduction, research methods, research results, 

analysis and discussion, conclusions, and summary. The research structure can be seen in a 

table 2. 

 

Table 2. Research structure 

Chapter Purpose 

Introduction 

Chapter 1 

Background of the research 

Theoretical framework 

Research problem and questions 

Reseach objectives and limitation 

Methods 

Chapter 2 

Methods for data collection and analysis 

Approach to answering research questions 

Results 

Chapter 3 
Presenting the gathered data 

Analysis and discussion 

Chapter 4 
Analysis and discussion of the gathered data 

Conclusions 

Chapter 5 

Results of the study 

Answers to research questions 

Recommendations for further research 

Summary 

Chapter 6 
Summary of the research 
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A first chapter concentrates to theoretical background and literature that are relevant for the 

subject of the study. It includes the research problem description and research questions 

derived from the research problem. Furthermore, the first chapter contains the research goal 

and limitation of the study. In the end of the first chapter research methodology and structure 

are presented. 

A second chapter describes all research methods used in the study. The description of the 

research methods is detailed because of the possible need for the research reproducibility 

(Taghizadegan 2014, p. 157) and replicability (Tranfield, Denyer and Smart 2003, p. 209, 

215).  

A third chapter presents research results according to literature study and interviews. In 

addition, there are presented the results based on the case study. Finally, the chapter three 

describes suggestions to improve the revision management in the product level and the 

product release practices in the case company. 

Analysis and discussion of the proposed improvement actions of the revision management 

and the product release practices are provided in a fourth chapter. It includes reflections 

about literature and the evaluation of the possibilities to implement the proposed 

improvement suggestions. In the end of the chapter, reliability and validity of the research 

results are discussed. 

A chapter five focuses on conclusion and recommendations according to the research. It 

describes new information and answers to research questions. In addition, the fifth chapter 

includes recommendations on further research topics and development items in accordance 

with this study. A sixth chapter summarizes the study. 
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2  Research methods 

The selected research methods are presented in this chapter. First the research data collection 

methods and criteria impacted to interviewees selection are described and then the data 

analysis methods are discussed. Furthermore, the case study setup is presented in the end of 

this research methods chapter. 

2.1  Literature 

The research process commences with literature review which is done to get background 

information about the research study topic. The source material for the theoretical part of the 

study is mainly searched from the Primo database of the LUT University library which 

provides simple searching for e-books, books, articles, and databases (LUT Primo 2023). In 

addition, the expertly curated online abstract and citation database Scopus was used to find 

the relevant literature for the study. There is available scientific literature in many different 

disciplines. It can be used for finding relevant and authoritative research. (Scopus 2023) Peer 

reviewed scientific literature, books and research articles are used as the main source for the 

theoretical part of the research.  

The case company KONE specific public documents and web pages as well as internal 

database and product information systems have been used as the source of KONE specific 

background information. 

ISO standards are searched and downloaded from NEN connect. NEN connect is the online 

tool from NEN for usage and management of standards. NEN supports the normalization 

process in the Netherlands. NEN is non-profit business organization and manages 

international standards such as ISO and IEC, European EN and national NEN standards 

accepted in the Netherlands. (NEN Connect 2023) 

The scientific literature and articles used in this study are from the twenty-first century, as 

products, technologies, and the PLM environment, including PLM requirements, are 

changing rapidly. The product lifecycle management became more important and usage of 

it is constantly growing. (Stark 2022, p. vi.) The selected scientific literature and articles are 
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relevant for the topic of the research work. Search words like product lifecycle management, 

PLM, change management, engineering change management, engineering change, revision 

management, product development, product structure and BOM are used for searching 

relevant material for this research. 

The theoretical part gives an overall view of the product lifecycle management and the 

change management. In addition, current practices used in the case company KONE are 

described. The source material is used to find out previous studies about the similar research 

area and from other industry sectors to gain more wider understanding of the topic. 

2.2  Interviews 

Interviews are one of the most common methods to collect the data in the qualitative research 

(Hirsjärvi et al. 2000, p. 58). Interviews are classified into standardized and non-standardized 

interviews. Standardized interviews can be used when data for quantitative analysis are 

collected. Standardized interviews use a questionnaire type format. Non-standardized 

interviews are semi-structured of in-depth interviews. (Kuada 2012, p. 112-113; Tuomi and 

Sarajärvi 2018, p. 70-73.) 

Tuomi et al. (2018, p. 70-73) defines that as a concept the interview and the survey are not 

entirely synonymous but a sharp distinction between them does not make sense.  The survey 

can be defined as a procedure in which informant complete a questionnaire by themselves. 

The interview may refer to an in-person interview in which the interviewer asks the oral 

questions. (Tuomi et al. 2018, p. 70-73.) 

The main advantage of the interview is flexibility (Hirsjärvi et al. 2000, p. 59; Tuomi et al. 

2018, p. 70). It is possible to clarify and repeat presented questions, present questions in 

different order than originally planned and correct misunderstandings during a personal 

interview. The interview can be made as conversation with the interviewee. In addition, there 

is an opportunity to make observations on how the interviewee presents things during 

interview. (Tuomi et al. 2018, p. 70-73.) 

The qualitative research method of the personal semi-structured interview is used to collect 

the main data of this study. The semi-structured interview combines parts of both structured 

and unstructured interview methods (Hirsjärvi et al. 2000, 77-79). The semi-structured 
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interview is built around specific main theme and predefined questions are prepared. This 

method gives flexibility to make changes to the interview and ask more focused questions 

during the interview. The interview method allows better possibilities to get the needed data 

to the research because interviewees can answer in their own words instead of answering to 

pre-formed structured interview questions. (Eskelinen et al. 2014, p. 84-85; Kuada 2012, p. 

94) In addition, the semi-structured interview allows the interviewees to highlight other 

critical topics of the study that the researcher may not have noticed before. A downside of 

the semi-structured interview method is that the information obtained may be difficult to 

analyse (Kuada 2012, p. 99). (Eskelinen et al. 2014, p. 84-85; Hirsjärvi et al. 2000, p. 77-

79.) 

2.2.1  Method of conducting interviews 

There are pre-defined set of questions based on hypothesis and general plan to follow in 

order to keep the focus in the research framework during the interview. The interview 

questions are designed to be open-type questions and formulated around the research topic 

of the study. The general interview structure and questions listed can be found from 

(Appendix 1). 

Interviews were conducted as a personal video call through online application. All the 

interviews were recorded with permission. This was helping to conduct the interviews 

because it was not mandatory to write specific notes at the same time when carrying out the 

interview. These recorded interviews were later used for further analysis. The interview data 

was further analysed in order to bring up the most important issues regarding the interview 

results.  

The average duration of each interview was between 45 minutes and one hour. Finnish or 

English were used as communication languages during the interviews depending on which 

interviewee preferred. There was possibility to use video during the interviews, but it was 

considered as optional. It was noted that the video call and recording may potentially affect 

some of the interviewees, although recordings are commonly used all the time (Van Zeeland, 

Van den Broeck, Boonen and Tintel 2021, p. 2). All interviews were conducted during the 

year 2023. 
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The first interview was thought to be a test interview and after that it was checked if 

questions or other interview setups should be modified. However, the interview questions 

and arrangements were remaining same for other interviews. Moreover, the research data 

includes the first interview. 

2.2.2  Selection and relevance of the interviewees 

The purpose of the interviews was to utilize the internal information of the case company. 

The case company's employees from different fields of expertise and with different 

experience level were interviewed because of relatively large and complex structure of the 

organization. It was important to understand how persons in different positions and different 

units perceive the product release process practices at the moment.  

Each interviewee has personal experience and knowledge from the release practices and 

some of the interviewees were able to propose improvement ideas based on their 

experiences. Furthermore, the interviewees for the research were selected on the assumption 

that they have knowledge of the product lifecycle management and product release practices. 

The selected functions for interviews cover the design, order, and delivery processes where 

change management of component and product information is in the most significant role. 

A total of eight interviews were conducted across the different units of the case company. 

Eight interviews were considered as a reasonable number of interviews for providing enough 

information about the case company practices and giving acceptable saturation for this 

research. Five of the interviewees were conducted in R&D unit, two in supply chain side and 

one interview in other unit outside of R&D and supply chain.  

Only the units where interviewees are working were included to the research and other 

identification details were excluded in order to keep the confidentiality and privacy of the 

interviewees (Van Zeeland et al. 2021, p. 1-2; Kaiser 2009, p. 1632). It was not possible to 

add job title or any similar information because it would have been almost the same as adding 

a interviewee name directly. 
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2.2.3  Methods of analysing interviews 

The online application used in the interviews offered possibility to record the interviews and 

in addition to use an automated transcription of audio recording. There is a live transcription 

capability in Microsoft Teams which supports English and Finnish languages among several 

other languages. (Microsoft 2023) The live transcription was used during the interviews 

because that functionality was easily available. There was impression that it could provide 

at least first draft of the transcription to use for further improvement, addition and editing 

according to original recordings (Bokhove and Downey 2018, p. 2). The live transcription 

functionality provided better and accurate transcriptions in English compared to Finnish 

transcriptions. In some cases, the live transcription in Finnish language was noted as 

inaccurate. Validity and accuracy of the content were checked by listening the recordings 

several times in these cases. 

There are many ways and techniques to analyse qualitative data but only few standardized 

techniques in qualitative research (Hirsjärvi et al. 2000, p. 283). Hirsjärvi et al. (2000, p. 

282) suggest that the data should be analysed simultaneously with the collection, 

interpretation, and narrative reporting of the data. It can be seen as an artificial division of 

the interviewing and the analyses because they are usually proceeding together (Gioia, 

Corley and Hamilton 2012, p. 20). Analysis often begins with the interview when the 

researcher conducts the interviews and can already observe phenomena based on their 

frequency, distribution, and specific cases. It is possible to collect more material to check 

for example some hypothesis. (Hirsjärvi et al. 2000, p. 282-283.) 

Qualitative material analysis can be described as a three-step process, which includes the 

description, classification, and aggregation of material as essential elements (Hirsjärvi et al. 

2000, p. 302). The three steps are visualized in figure 16. 
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Figure 16. Three-step process for qualitative analysis (Hirsjärvi et al. 2000, p. 302, mod. by 

author). 

 

According to Hirsjärvi et al. (2000, p. 303), the description of the material is the basis of the 

analysis itself. Describing means trying to map the characteristics and characteristics of 

persons, events, or objects. The categorisation of the material is an integral part of the 

analysis. It creates a basis or framework on which the interview material can later be 

interpreted, simplified, and summarized. Combining material means trying to find some 

regularities between the occurrence of classes to forge similarities. In addition to the 

regularities, regular variation and other deviant cases are often found in the review. (Hirsjärvi 

et al. 2000, p. 303) 

In this case, the analysis of the interviews started concurrently with the interview process. It 

was easier to concentrate themes which were mentioned during the previous interviews. In 

addition, the interviews in some areas were possible to deepen if needed. 

It was not necessary to use any commercial analyse tools for analysing the collected data 

because the amount of interview data was reasonable to analyse with content analysis 

techniques (Hirsjärvi et al. 2000, p. 281; Rubin 2021, p. 186-202). Content analysis was 

performed by searching for specific themes and concepts from the collected interview data. 

The content analysis method gave possibility to analyse the meaning and relationship of the 

themes and concepts. 

The most commonly mentioned themes and items according to the interviews were written 

in the file. The data was started to organize and to structure to separate bigger themes. After 
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the main themes of the interviews were find out the outcome was compiled in the table. The 

data collected in the table was used to search for even broader connecting themes of the 

interviews. In addition, there were some differences visible in the interview data due to the 

position of the interviewees and their job roles in the organization. The data analysing 

approach to organize data into 1st- and 2nd-order categories is introduced by Gioia et al. 

(2012, p. 20). The used data analysing approach was adopting some parts of the method to 

organizing data into 1st- and 2nd-order categories and three-step process descripted by 

Hirsjärvi et al. (2000, p. 302-303). (Gioia et al. 2012, p. 20; Hirsjärvi et al. 2000, p. 302-

303.) 

2.3  Case study 

The global harmonized elevator product with one engineering structure is a case study which 

acts as an example of the PLM revision management process. The harmonized elevator 

product offered a way to see how PLM revisions can be used for efficiently in global 

environment. There is need to implement three product releases during one year and the 

release timetables and contents differs for the most part from each other. 

Through the case study, it is possible to get an understanding of the operations and important 

elements of the PLM processes in the case company. The case study reveals practical 

advantages and challenges related to the product revision management and backward 

compatibility. 

2.3.1  Method of conducting case study 

The case study started by releasing the first version of the engineering structure and delivery 

structure for two separate releases almost at the same time. The product releases were Europe 

release 22.2 and Greater China, Asia Pacific area, and Middle East release 23.1. The 

launches of those releases were quite near each other and the time between release dates 

were around one month. 

The second releases round for this case study is release 23.2 which have same name for 

Europe and Greater China region, Asia Pacific area, and Middle East. Anyway, the release 
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dates and contents are not the same. New release revision of the product structure was 

implemented to both 23.2 releases. 

Next step for the case study was to take the latest engineering structure version created for 

release 23.2 in use also for previous releases 22.2 and 23.1. 

Order form structures will be updated separately for all releases because those are related to 

tendering and ordering tool KTOC interface changes. Tendering and ordering tool needs to 

have own revisions for all releases because of the traceability and same approach is used for 

order form level structures in product data management system.   
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3  Research results 

The research results based on literature and the most important themes which appeared in 

the interviews are presented in this chapter. In addition, the data collected based on the case 

study is described. Finally, the suggestions to the improvement of the product lifecycle 

management revision control handling, engineering change process and the product change 

validation in development and production phases derived from the results are presented in 

this chapter.  

3.1  Results based on literature 

The current market situation is forcing manufacturing companies to be more and more 

efficient and cost competitive. Productivity and flexibility are needed to be able to meet the 

requirements of the market and especially the customer needs. Highly customized products 

are complex to maintain, and the product lifecycle management has become as the 

fundamental tool to manage with challenges coming from global competition and the 

shortening component and product lifecycle. (Bruun et al. 2015, p 97-98; Demoly et al. 2010, 

p. 269-270.) 

The product lifecycle management includes product management processes from product 

development and implementation to change management throughout the product lifecycle 

ending to product retirement. There is not an international standard for defining the product 

lifecycle management processes and terms. Anyway, some guidelines can be found out for 

example from ISO 9001:2015 and ISO 10007:2017. All companies must define own 

processes and terms in use. (Stark 2022, p. 133, 136; Sääksvuori et al. 2008, p. 1; Vezzetti 

et al. 2013, p. 899-900.) 

There are different definitions for product lifecycle processes and the product lifecycle 

phases. The basic processes used in the product lifecycle management are common 

throughout the different industry sectors even the specific actions across the product 

lifecycle can vary. These product lifecycle management processes can be defined differently 

based on the company, the viewpoint of the specific industry or some other meaningful way. 

(Jarratt et al. 2011, p. 106; Stark 2022, p. 132-133, 136.) 
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It is evident based on the literature that common definition of terms used in the product 

lifecycle management is missing (Stark 2022, p. 132, 579). Every company needs to define 

terms separately and there are different terms in use even inside companies. Terms are often 

used with different meanings. This can lead to the confusion and misunderstandings. The 

common and clear terminology is needed for throughout the company. (Stark 2022, p. 133, 

136, 579.) 

3.1.1  Engineering change management 

The engineering change is one of the major practices during the product lifecycle and it can 

be seen as a part of formal process of industry. The entire development process is consisting 

of constant changes. The efficient management of changes is important part of the product 

lifecycle. (Fricke et al. 2000, p. 169; Sääksvuori et al. 2008, p. 1.) 

The purpose of engineering change management is to ensures that all changes are defined 

and documented in controlled way throughout the product lifecycle. The engineering change 

management ensures full traceability of all changes in items of the product lifecycle 

management. (Stark 2022, p. 133; Quintana et al. 2022, p. 80.) 

The engineering change is caused by external factors that can be varying from correcting the 

design faults and improving the product performance, safety, and quality. Engineering 

changes can be seen as possibility to stay profitable and competitive in the market through 

utilizing market opportunities and reducing the product costs. (Reddi et al. 2011, p. 1225; 

Yin et al. 2022, p. 1.) 

According to the literature, some cases the proper change process in the product lifecycle 

management system can be seen as time consuming and inefficient in practice. This can 

cause people to avoid the proper change process and poor revision management can lead to 

longer lead times, reduced quality, and increased product costs in longer term. (Stark 2022, 

p. 135.) 
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3.2  Results based on interviews 

The most important issues appeared easily in every interview and same topics were 

mentioned in most of the interviews. Interviewees have noticed the need for change and 

there were mentioned some improvement proposals during the interviews. Furthermore, 

recent organizational changes were mentioned in almost every interview because the impact 

can be seen in the whole organization. It is not directly part of this study but have influence 

in the background. 

There is not clear visibility to the portfolio or long-term plans. Visibility only into the next 

quarter plans is insufficient and makes resourcing difficult especially outside of R&D units 

based on the interviewees. 

Adequacy of resources were mentioned in most of the interviews and that was seen as a 

challenge during the product release implementation phases in R&D unit and supply line 

side as well as front line point of view. Usually, the list of the product release items is slowly 

reduced during the product release implementation phase. In addition, this is mainly causing 

delays because there is not enough time to do all the needed product release items. 

According to some interviews, there may be a lack of communication between persons and 

units, resulting to misunderstandings and hindering, for example, validation or the 

establishment of a transfer price list. 

3.2.1  Major, minor and technical product releases 

Based on the interviews conducted, the product release is seen as very technically oriented 

in R&D unit. New and improved technical features of the components and products are the 

key targets for the R&D unit, while in other units, the product release is seen as more 

customer and market oriented. 

According to interviews, the product release is meant to be as an offering release with new 

major revision to tendering and ordering tool and for transfer price list. Usually, it consists 

of offering improvements in the existing products and sometimes a totally new product is 

released to the market. In practice, the product release is currently as a mixture of features 

requested by customers, process changes, cost saving actions and improvement actions 
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according to interviews. Large variety of different kind of items included to the product 

release can cause difficulties to keep the schedule and quality of the changes. Sometimes 

customer needs are left as a minor part of the product release even it should be the main item 

of the product release. 

Weekly minor product releases in the tendering and ordering tool include normally technical 

changes and bug fixings but there can be similar or even more important offering changes 

than the major product release. The systematic minor release validation is missing or 

inadequate. This is causing challenges because changes are done directly to tendering and 

ordering tool production systems and are visible to front lines. According to one interviewee, 

it is possible to perform even larger entities in this way through weekly tendering and 

ordering tool releases and this have been done sometimes in the past for introducing for 

example bigger set of changes. 

Most of the interviewees considered that it is possible to take the technical release idea in 

use after the short introduction of the proposal. It was seen that it could make processes 

easier and even faster if technical changes are done and released at least in engineering 

structure in PDM system for example quarterly basis. In addition, it is possible to do the 

background settings ready in the tendering and ordering tool without any user interface 

changes. The product release implementation to the tendering and ordering tool is much 

faster if all background rules are available in advance. According to few interviewees, they 

did not see the clear benefits of this kind of approach compared to the existing practices. 

There was proposal for the technical release to create a set of component changes beforehand 

and ready to be taken in use in the product level. Similar proposals were mentioned in two 

interviews. This kind of approach can help to keep the product release schedule and content 

when component changes are ready before the product implementation starts. In addition, it 

can help to clarify and control the discipline of change request process. However, there was 

some doubt whether the product teams are ready to change the way how the implementation 

are done currently. 

According to the interviews, there seems to be need for clear descriptions of the release terms 

because different terms are used depending on the unit and sometimes mixed.  

Several releases and revision are in use at the same time and the maintenance of those is time 

consuming. Same resources are taking care of the existing revisions and their maintenance 
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at the same time when implementing new product release items. This is affecting to the 

product release schedule according to interviews.  

Common product release trainings for supply line personnel and frontline personnel are seen 

problematic because there are different kind of items included to the product release. Some 

of the release items are very important for front lines but not relevant for supply line 

personnel and vice versa. Validation teams and custom engineering teams from supply unit 

side need different information than front lines. This makes information sharing confusing 

and causes misunderstandings. 

3.2.2  Release and change request processes 

Most of the interviewees mentioned that the product release process and change request 

process need more discipline and some improvement because of the systems and team 

structures have been changed. The progress of the product release process and change 

request process are closely monitored currently but that is not solving the problems in the 

processes. 

According to the interviews, component and product revisions are long time in draft status 

and not released in all the cases along with the product release schedule or because of any 

other change. Draft revisions are chancing all the time without clear revision control, and 

this is causing traceability issues and slows the product release implementation and 

validation processes. 

Backward compatibility of components and products is missing in most of the cases. The 

lack of backward compatibility results in multiple revisions being maintained at the same 

time and needs more time and resources. In addition, the lack of backward compatibility 

causes challenges to custom engineering process because it is not clear which revisions 

should be used with different releases. 

Furthermore, it was clearly stated in one interview that it is not possible to maintain 

backward compatibility of the components and products in practice. This assumption was 

based on some old planning of the product release improvement actions but there was not 

clear indication is the solution tested or just made conclusions without testing it in practice. 
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3.2.3  Release validation 

According to all interviews, the product release validation is seen time consuming and 

requires too much effort, time and resources. Components are not usually validated before 

the supply line validation process starts for the products. When the validation is done at the 

same time for product and components, it takes more time.  

Systems used for validation are not always supporting the validation process to be efficient 

enough. The validation process requires a lot of manual work to be able to even start the 

actual validation. Eventually, there are delays in the product release schedule according to 

the interviews. 

Validation is carried out by the same resources as order processing in real production orders 

because they have needed knowledge about the processes and suppliers. This causes some 

delays in validation process because production orders are the first priority. 

3.3  Results based on case study 

The case study reveals practical issues related to the global product change and revision 

management in the case company. The global product needs new ideas and practices for 

been able to maintain it according to different product release schedules. 

Based on the case study, it is easier to handle and update only one engineering structure 

revision in production product data management system when some error correction, cost 

saving actions or small offering updates are needed. There is no need to update multiple 

revisions at the same time and it saves time and effort. When new product release 

implementation is started, new draft revision is created for implementing the offering 

updates and other changes. The newest revision is taken in used for all active releases after 

the newest product launch. 

From harmonization point of view, it is possible to keep the same basic engineering structure 

model when the product release updates are done simultaneously despite the fact that the 

product release content is not exactly same. 
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There are some issues clearly visible based on the case study. First, it is difficult to keep the 

backward compatibility in the product structure level because component owners are not 

maintaining the backward compatibility for most of the components currently. If the latest 

product structure revision is to be retained in older releases, it means that all components 

need to be maintained in the same way keeping the backward compatibility. Other possibility 

is to add several component revisions in the product structure in order to keep the backward 

compatibility of the product level. This approach requires revision and the product release 

information and characteristics to control the selection of the correct component revision. 

The second issue is related to removal of the components and features from the offering. 

When the latest revision is used for all active releases, it is not possible to remove any 

components or features from the product structure before the older releases are retired. 

However, order form structures and tendering and ordering tool are updated according to the 

offering changes. There are not any big technical challenges, but this procedure can lead to 

confusion if the process is not clear for everybody who are maintaining the engineering 

structure.  

Regardless there are some challenges, it is anyway seen possible to maintain the backward 

compatibility in product level. Furthermore, it is seen that backward compatibility can 

improve the product implementation process and make the process faster.  Based on the case 

study, there are open minded persons and teams which are able to try new practices without 

bigger challenges. 

3.4  Improvement suggestions 

Here are presented some suggestions how the product lifecycle management revision control 

and the product release practises can be improved in the case company. These are the issues 

that emerged according to the interviews and the case study. These items can be seen as 

improvement areas in the current processes and practices. This section includes a summary 

table of interviews identifying problems, effects, and solution proposals. 

According to the interviews, the current product lifecycle revision management and the 

product release processes have some weaknesses that can be improved. In order to get the 

processes clear and the needed product changes faster to the market following improvement 
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suggestions can be considered. These improvement suggestions are based on the interviews, 

the case study results and related literature information. 

Almost all issues which were mentioned during interviews were somehow ending to the lack 

of resources and time constraints. The mentioned improvement suggestions are mostly 

indirectly related to the correction of these issues. 

3.4.1  Suggestions for improving the release practices 

Suggestions for improving the product release practices are including the process 

improvements and backward compatibility. In addition, documentation of the terms used 

needs to be formed to correspond the current processes and responsibilities. 

Long-term planning that extends beyond the upcoming quarter is essential. A deeper 

understanding of the tasks required for product release well in advance will contribute to 

smoother operations. Moreover, the forming of improved communication practices is 

important. 

The product release purpose can be understood several ways and it includes too many kinds 

of items currently. The purpose of the product release might have been changed and it no 

longer serves the aim it was originally designed for. Releases can be categorised into the 

major and minor updates or for example into the product release, the technical release and 

bug fixing. It is important to provide a clear description detailing which items are included 

in the major release, technical release and which are reserved for the minor release. 

Furthermore, clear definitions and description of the other release terms are needed in order 

to make the processes clear and avoid any ambiguity. 

The technical release can include only technical changes which are implemented first from 

component point of view for example during one quarter. The implementation includes 

component change verification and validation. Then during next quarter same technical 

changes are implemented to the product. In addition, this product level implementation 

includes supply chain validation for the product and for needed components. Technical 

changes can be taken in use from engineering structure point of view when those are ready 

and validated.  
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There are anyway some limitations because the tendering and ordering tool is managing 

layout drawings and some technical calculations. The tendering and ordering tool and the 

engineering structure should be in line from that point of view. One possibility to improve 

this would be develop systems so that it is possible to move all technical calculations and 

drawing creations to the technical product structure in PDM. Layout drawings and technical 

calculations can be then replicated to the tendering and ordering tool case by case from PLM 

data. 

The technical release includes technical changes and different scenarios of the technical 

change can be defined following ways. The technical change can be a configuration system 

change which is process change without any offering related changes. It can include 

component or product technical rules optimization such as optimization or cost saving 

actions through configuration rules without any component changes. In addition, adding new 

component is technical change. Technical changes are not always visible to front lines or 

customer but there are technical changes which can affect to the transfer price list, shaft 

layouts or some other important aspects to the customers. Those need to be communicated 

to front lines and customers throughout the formal process for the change and the product 

release communication. 

The discipline to the component and product change request processes is needed to make the 

product release process work properly. It is essential to establish clear steps for executing 

component changes prior to initiating product implementation. Sets of component changes 

can be completed and prepared in advance, ready to be integrated at the product level. This 

can be done one quarter in advance before the product implementation process starts. 

Adhering to this sequence ensures that component changes are always completed before 

product implementation begins. Otherwise, the product release takes much time and is 

delayed.  

Backward compatibility is seen as preceding enabler for making the product release process 

faster because it is reducing active product revisions in use and at the same time makes 

updates and bug fixings easier. Additionally, revisions to both components and products 

should be released concurrently with the completion of these changes in order to maintain 

coherence effectively. 
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3.4.2  Suggestions for improving validation process 

Suggestions for improving validation process are defined according to the interview results. 

The biggest challenges according to interview were related to heavy validation process, 

validation system challenges and lack of resources. 

The component validation must be done before the product supply line validation starts. In 

some cases, it is not possible to do whole component validation without the product 

validation, but the intension is that the component validation should be done as far as 

possible.  

There should be validation check list available to remind about all needed actions during the 

validation phase. The validation check list makes the validation process easier and gives 

clear definition for the validation related items. 

Different validation cadence can help when it is not needed to validate everything at the 

same time for the product release purposes. Technical changes, offering improvements, cost 

savings and other changes can be validated when the changes are completed in the needed 

systems and there is no need to wait for everything to be ready.  

Technical release suggestion can make the validation planning and resource management 

more visible and easier because it is known that there are technical changes which need to 

be validated in the end of the quarter or according to another agreed schedule. Validation 

can be divided for example four separate quarterly validation slots. It is possible to make 

less validation cases at the same time because the technical release items are done during the 

year and not only for the product release. 

A table 3. summarises the main issues identified, their effect and solution proposals 

according to the interviews and the case study results. 
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Table 3. The summary of identified problems, their effects, and possible solutions 

Identified problems Effect Solution proposals 

• The product release 

definition is not clear. 

• Different kind of items mixed 

in the product release (not 

only the product offering 

improvements). 

• Release content is not clear 

and includes too many items. 

• Content of weekly minor 

product updates not clear. 

• Clear description which 

items are part of major 

release and which items can 

be done in minor release. 

• Major and minor releases to 

be separated. 

• Introduction of technical 

release. 

• More systematic release 

processes are missing. 

• Discipline for component and 

product CR processes is not 

good enough. 

• Causes delays to release 

schedule. 

• Sets of component changes 

done beforehand and ready to 

be taken in use in the product 

level. 

• Backward compatibility of 

components and products is 

missing. 

• Several releases in use at the 

same time and maintenance 

of those is time consuming. 

• Causes delays 

• Only the latest released 

revision in use all the time for 

components and products. 

• The product release 

validation takes too much 

time and effort. 

• Components are not 

validated before the product 

supply line validation process 

stars and when the validation 

is done at the same time for 

product and components. 

• Delays in the product release 

schedule. 

• Component validation will be 

done before the product 

supply line validation starts.  

• Validation cadence to be 

changed e.g., as quarterly 

basis, not anymore, the 

product release related only. 

• Validation check list 

available to remind all 

needed actions. 

 

The table presents identified problems and effects caused by them based on interviews and 

the case study. In addition, the suggestion for solutions regarding the product release and the 

product lifecycle management revision control practices are presented in the table. 
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4  Analysis and discussion 

The analysis and discussion of the research results are presented in this chapter. The most 

important themes and suggestions for improvements that appeared in the literature, in 

interviews, and in the case study, are discussed. Furthermore, in this chapter the possibilities 

of implementing the improvement suggestions are evaluated. Finally, the evaluation of the 

overall research quality and validity and research results are discussed. 

4.1  Theory reflections 

Many of the issues described in the literature section were present and noticed in the 

interviews and in the case study. Consequently, the theoretical part was aligned with the 

interview results and the case study findings. There were some practical suggestions that 

arose from the literature that could be used in practice such as defining terminology clearly. 

Concerning especially the engineering change management and engineering change there 

are similar topics present in the case company processes than based on the literature. The 

engineering change management is the biggest part of the product lifecycle management 

(Fricke et al. 2000, p. 169-170), and it can be used for staying profitable and competitive in 

the market (Reddi et al. 2011, p. 1225, 1229) when the engineering changes are done through 

proper processes during the product lifecycle. 

The product lifecycle management related terms are not standardized (Stark 2022, p. 579) 

and there are many definitions for same items and processes. The terms are company specific 

but there may be confusion about the used terms inside the company. This challenge is also 

visible in the case company. 

4.2  Analysis of interviews and the case study 

It was noticed during the research that the product lifecycle management related processes 

and terms are covered quite well in the case company, but the information is not really visible 

or easily found by the end users. Most of the interviewees didn’t know about the KONE 
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standard documents which are defining for example the change request process and 

responsibilities related to that. Furthermore, it was noticed that the change request process 

is not defining all the functions which should be part of the change request process at the 

moment because the process has changed, and new positions have been created. The change 

request process includes nowadays delivery structure creation part which is new addition 

and the responsibilities and processes related to that are not clear. It is causing a lot of 

confusion and potentially extra work during the change request process. These are leading 

to delays in the change management and the product release point of view. 

The definitions related to the product release can be improved and there should be defined 

the weekly tendering and ordering tool minor release in some of the process descriptions. In 

addition, there could be defined new term of the technical release if there is decision to divide 

the product release and the technical change or release as separate processes. 

The technical release can improve the technical change implementation because of the clear 

steps performed first in component implementation and after that in the product level. This 

approach gives the possibility to decide when the product level changes are needed to be 

implemented. The product change implementation process can be faster because of the 

component readiness and the product background rule availability already in advance. 

Improvement suggestions related to the product release and introduction of the technical 

release can reduce overall workload before the product release if the technical changes have 

been validated during the year for example in each quarter. In some cases, the product level 

validation is not even needed if the component validation has been done beforehand. The 

lack of resources can be improved at least partly by enhancing change request and the 

product release processes. At the same time, the time to market can be improved. 

The enablers for technical release are related to the technical engineering structure without 

any market specific or supplier specific connections. The engineering structure revision 

usage can be controlled by the product team, and it gives the flexibility to change the revision 

in production environment when technical changes are done. The same approach can be used 

for improving the backward compatibility. 

The idea of the product structure backward compatibility is somewhat new in the R&D unit 

though the instructions related to the interchangeability rule are mentioned in KONE 

standard KOS-000065 (2020, p. 34). There is mentioned that new KONE material might be 
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needed instead of the new revision of the old material if interchangeability rule cannot be 

covered. Backward compatibility might sound challenging at first, but it would ease the daily 

work and reduce the workload in the longer term. Anyway, all components and products 

should follow that idea in order to get the processes working smoothly. 

Any of the mentioned improvement suggestions are not possible to take in use without 

proper implementation and training because the company culture and existing practices are 

deep-rooted in people’s minds. If improvement suggestions are not implemented carefully it 

might lead to situation where it is easier to use the old ways of working because of the current 

attitudes related to the old practices. The biggest challenges are in the attitudes and old ways 

of working which can prevent to try new practices in some cases. Anyway, resistance to 

change can be seen as a resource for change (Ford, Ford, and D'Amelio 2008, p. 368). 

Proposed improvement suggestions require development in processes and proper training 

for the users. 

4.3  Reliability and validity of results 

Qualitative research often faces criticism for being subjective, limited in scope, anecdotal, 

or lacking in precision. When conducted correctly, it is impartial, comprehensive, 

trustworthy, credible, and methodical. In qualitative research, it is crucial to establish the 

degree to which assertions are underpinned by compelling evidence. (Anderson 2010, p. 2.) 

Despite traditionally being linked with quantitative research, the concepts of reliability and 

validity are increasingly recognized as important concepts in qualitative studies. Analyzing 

data for reliability and validity evaluates the research's objectivity and the research 

credibility. Validity concerns the authenticity and truthfulness of the research data, whereas 

reliability of the research refers to reproducibility of the data findings. (Anderson 2010, p. 

1-2.) 

As the aim of the study was to get the descriptive information about the processes and 

practices in the case company the reliability and validity aspects were not the first priority 

when the research questions were formed. 

By interviewing persons from different fields of expertise and with different experience 

level, the purpose was to get understanding how persons in different positions and different 
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units perceive the product release process practices. This was used to cover the validity 

perspective of the research. Reproducibility aspect was more difficult to cover because of 

the quite small amount of the interviewees at the same time when the confidentiality (Kaiser 

2009, p. 1632) needed to be kept. Nevertheless, reproducibility related to the methods can 

be fulfilled because of the detailed description of the methods. 

The first interviews were conducted before Finnish summer holiday period and then rest of 

the interviews after the summer. The analysis of the interviews started concurrently with the 

interview process. There might have been some effect to the themes and for the following 

interviews, although the questions were not actually changed during the interview process. 

The interview arrangements may have changed between the interviews because some of the 

interviews were already analysed before the latest were held. This might have had some 

impact to the interview data but not changing the actual results of the study. 

The case study related to the product revision management has been started almost a year 

ago and findings about integration of two different product releases as a one engineering 

structure are discovered to be possible and making the implementation and change 

management easier. The backward compatibility part of the case study was noticed to be 

possible, and it facilitates maintenance. However, this has not yet been tested for very long 

time or in depth. In the longer term, the case study could have been providing new 

information. 

The results of this study are gathered through interviews and the case study related to one 

company but most of the companies are struggling with similar kind of challenges related to 

the product lifecycle management. There are similar challenges related to the current market 

demands about the quality, cost, and time constraints for the whole industry according to the 

literature. In that sense the results and some improvement suggestions can be generalized for 

other companies. 
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5  Conclusions 

The product lifecycle management includes complex processes and several terms which are 

not standardized. The product lifecycle management requires actions from multiple 

functions during the product lifecycle. The product release and related product lifecycle 

change management are part of these complex processes. They are affecting to several 

functions in the company internal and external persons and suppliers. 

The research of the possibilities offered by the product lifecycle management system to a 

handling of product revisions and changes in development and production phases was 

primed through the literature of the product lifecycle management, PLM processes, 

engineering change management and the background information of the processes, standards 

and terminology used in the case company. 

At the beginning of the study, four research questions were set in order to gain new insights 

into the product lifecycle management and product release practices and improvement ideas 

in the case company. 

The first research question was related to the usage of latest revision of the technical product 

structure in production systems for all active product releases. It was concluded through the 

case study that is it possible to maintain only the latest product structure revision in 

production system for active product releases. The backward compatibility can be improved 

by taking the same approach in use for all engineering structures of components. 

The second and third research questions are connected to each other. The research questions 

are formed for gaining the understanding about the possibilities to divide the technical 

release and the product release as two separate releases. According to all interviewees, the 

technical release and the product release can be separated but few of the interviewees did 

not see the clear benefits of this kind of approach. 

The third research question examined what should be considered if the technical release and 

the product release are made on a different schedule. It was noticed based on the interviews 

that the needed validation can be done according to for example quarterly schedule. Most of 

the technical release items are not related to customer or front line and there is no need to 

inform about those. In addition, for example new component implementation needs to be 



 

70 

 

informed along with the product release schedule or as a separate info sharing to the 

customers through front lines. 

The fourth research question was part of the case study topics. The impact of the global 

product on revision management was the last question of the research. Based on the case 

study, it is better to combine two product releases to the same engineering structure revision 

when possible. It is easier to do the implementation and maintain the product changes even 

though the content and timetable of the product releases are not exactly the same. 

Literature was informative base for this study and new insights of the product management 

practices were gained through the interviews of the case company employees. The case study 

gave important information about the product level engineering structure revision 

management possibilities.  

Recommendations for future studies and development actions are formed based on the 

limitations of this research and according to the topics which emerged during the study. One 

of the future research topics can be related to the management of the component revision 

handing and backward compatibility aspects. In addition, these studies should include 

manufacturing and stock inventory management according to the component revisions and 

backward compatibility concept. 

Another research topic could be related to the further development of the improvement 

suggestions mentioned in this research especially related to technical release topic. There 

needs to be more detailed process descriptions, instructions and training on the product 

release processes presented before practical implementation which were not possible to 

reach in this study because of the time constraint. 

The third future research topic could be the product change and release validation processes 

including validation environments. The validation systems and environments are not 

currently supporting the validation process completely. The product release validation is for 

the most part manual work and there might be possibilities to have automatic validation tools 

available or possible to develop. 

The fourth research topic for the future can be layout drawing and technical calculation 

management in PDM instead of tendering and ordering tool. It is easier to handle the 

calculations and drawings in one place instead of two different environments.  
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6  Summary 

The purpose of the study was to research the product change management in global 

environment during the product development and production phases. The focus area was to 

form the improvement suggestions for improve the case company’s product change 

management processes and practices. 

The product lifecycle management has an essential role to manage products effectively. The 

product lifecycle management objective is to improve decision making, reduce product 

related costs and give more value for the customers. The PLM is management system which 

manages the entire portfolio of products including individual parts throughout their lifecycle. 

The PLM enables efficient storing, finding, controlling and distribution of the data in all 

phases of the product lifecycle. 

The engineering change management ensures that changes are defined and documented in 

controlled way throughout the product lifecycle. The engineering change management 

ensures full traceability of all changes in the PLM items such as components and products. 

There are improvement areas in the case company’s current processes and practices 

according to the qualitative study conducted. The most important improvement areas are the 

product release process, change management and backward compatibility of the products 

including global perspective according to the interviews and the case study conducted during 

the research. 

 

  



 

72 

 

References 

Anderson, C. 2010. Presenting and Evaluating Qualitative Research. Special articles. 

University of Nottingham. Nottingham United Kingdom. American Journal of 

Pharmaceutical Education. Vol.74 (8), p.141-141, Article 141. DOI: 

https://doi.org/10.5688/aj7408141 

Bokhove, C., & Downey, C. 2018. Automated generation of ‘good enough’ transcripts as a 

first step to transcription of audio-recorded data. Methodological Innovations, 11(2). DOI: 

https://doi.org/10.1177/2059799118790743 

Bruun, H., Mortensen, N., Harlou, U., Wörösch, M., Proschowsky, M. 2015.  PLM system 

support for modular product development. Computers in Industry. Volume 67. Pages 97-

111. DOI: https://doi.org/10.1016/j.compind.2014.10.010 

Carter SM., Little M. 2007. Justifying Knowledge, Justifying Method, Taking Action: 

Epistemologies, Methodologies, and Methods in Qualitative Research. Qualitative Health 

Research. 2007;17(10):1316-1328. DOI:10.1177/1049732307306927 

Demoly, F., Monticolo, D., Eynard, B., Rivest, L., Gomes, S. 2010. Multiple viewpoint 

modelling framework enabling integrated product–process design. Published online: 12 

October 2010© Springer-Verlag. 2010. Vol.4 (4), p.269-280. DOI: 10.1007/s12008-010-

0107-3 

Eskelinen, H. & Karsikas, S. 2014. Tutkimusmetodiikan perusteet. 1. painos. Tekniikan alan 

oppikirja. Amk-kustannus Oy. Tammertekniikka. 224 p. 

Ford, J. D., Ford, L. W., D'Amelio, A. 2008. Resistance to Change: The Rest of the Story. 

The Academy of Management review. Vol.33 (2), p.362-377. DOI: 

10.5465/AMR.2008.31193235 

Fricke, E., Gebhard, B., Negele, H. and Igenbergs, E. 2000. Coping with Changes: Causes, 

Findings, and Strategies. Division of Astronautics, Technische Universität München, 85748 

Garching, Germany. Systems engineering. Vol.3 (4), p.169-179 DOI: https://doi-

org.ezproxy.cc.lut.fi/10.1002/1520-6858(2000)3:4<169::AID-SYS1>3.0.CO;2-W 



 

73 

 

Gioia, D. A., Corley, K. G., and Hamilton, A. L. 2012. Seeking Qualitative Rigor in 

Inductive Research: Notes on the Gioia Methodology. Organizational Research Methods. 

Volume 16, Issue 1. Pages 15-31. SAGE Publications. DOI: https://doi-

org.ezproxy.cc.lut.fi/10.1177/1094428112452151open_in_new 

Habib, H., Menhas, R., McDermott, O. 2022. Managing Engineering Change within the 

Paradigm of Product Lifecycle Management. Processes 2022, 10, 1770. DOI: 

https://doi.org/10.3390/pr10091770 

Hirsjärvi, S., Hurme, H. 2000. Tutkimushaastattelu. Teemahaastattelun teoria ja käytäntö. 

Gaudeamus. ISBN 978-952-345-812-3 

Huang, H.Z., Gu, Y-K. 2006. Development mode based on integration of product models 

and process models. Concurrent engineering: research and applications. Vol.14 (1), p.27-34. 

DOI: https://doi-org.ezproxy.cc.lut.fi/10.1177/1063293X06063425 

ISO 9001. 2015. (E). Quality management systems – Requirements. Fifth edition. European 

Standard. Brussels: European Committee for Standardization. 52 p. 

ISO 10007. 2017. (E). Quality management – Guidelines for configuration management. 

Fifth edition. European Standard. Brussels: European Committee for Standardization. 21 p. 

Jarratt, T. A. W., Eckert, C. M., Caldwell, N. H. M., Clarkson, P. J. 2011. Engineering 

change: an overview and perspective on the literature. Research in engineering design. 

Vol.22 (2). p.103-124. Published online 4 December 2010. Springer-Verlag London 

Limited. DOI: 10.1007/s00163-010-0097-y 

Kaiser, K. 2009. Protecting Respondent Confidentiality in Qualitative Research. 

Volume 19, Issue 11:1632-1641. Qualitative Health Research. Sage Journals. DOI: 

https://doi-org.ezproxy.cc.lut.fi/10.1177/104973230935087 

KONE. 2017. KONE product modelling terminology. Document identification 

51764885D01. Edition -. Internal document. KONE Corporation. 11 p. 

KONE. 2018. How to define model architecture. KONE Product Modeling Guidelines / 

Work Instructions. Document identification 51060661D01. Edition B. Internal document. 

KONE Corporation. 16 p. 



 

74 

 

KONE. 2019. Machine-room-less freight and service elevator. KONE TranSysTM. To move 

freight, you need an elevator that’s built for freight. [Online]. [referred: 30.9.2023]. 

Available: https://www.kone.co.nz/Images/KONE%20TranSys%2019.1_tcm47-18460.pdf 

KONE. 2021. Elevator modeling handbook. Document identification 51699903D01. Edition 

A. Internal document. KONE Corporation. 16 p. 

KONE. 2023a. Annual review 2022. [Online]. [referred 5.3.2023]. Available: 

https://www.kone.com/en/Images/KONE_Annual%20Review%202022_tcm17-

120787.pdf 

KONE. 2023b. Sustainability Report 2022. Helping cities grow sustainably. [Online]. 

[referred 5.8.2023]. Available: https://www.kone.com/en/Images/kone-sustainability-

report-2022_tcm17-123839.pdf 

KONE. 2023c. PLM Ecosystem intro presentation. KONE internal document. KONE 

Corporation. 

KOS-000001. 2020. KONE standardisation (KOS) system. Edition A. KONE internal 

document. KONE Corporation. 5 p. 

KOS-000031. 2018. KONE Solution Creation Process. Edition H. KONE internal document. 

KONE Corporation. 12 p. 

KOS-000032. 2022. KONE product change management process. Edition M. KONE 

internal document. KONE Corporation. 9 p. 

KOS-000065. 2020. KONE Product Modelling Body of Knowledge. Edition A. KONE 

internal document. KONE Corporation. 53 p. 

KOS-000107. 2022. KONE Procedure - Process Description for Offering Process – Develop 

Solutions. Edition C. KONE internal document. KONE Corporation. 16 p. 

Kuada, J. 2012. Research Methodology. A Project Guide for University Students. Edition 1. 

Ebook ISBN 9788759397442. 139 p. 

LUT Primo. 2023. Welcome to Primo! [referred: 17.9.2023]. Available: 

https://lut.primo.exlibrisgroup.com/discovery/search?vid=358FIN_LUT:LUT 



 

75 

 

Microsoft. 2023. Support. Teams meeting topics. View live transcription in Microsoft Teams 

meeting. [referred: 17.10.2023]. Available: https://support.microsoft.com/en-

us/office/view-live-transcription-in-microsoft-teams-meetings-dc1a8f23-2e20-4684-885e-

2152e06a4a8b#bkmk_change%20the%20transcript%20language 

Mills, J., & Birks, M. 2014. Qualitative methodology. A Practical Guide. SAGE 

Publications, Inc. ISBN: 978-1-4462-4898-0. DOI: https://doi.org/10.4135/9781473920163 

Morgan, D. L. 2007. Paradigms Lost and Pragmatism Regained: Methodological 

Implications of Combining Qualitative and Quantitative Methods. Journal of Mixed 

Methods Research. 1(1), 48-76. DOI: https://doi-

org.ezproxy.cc.lut.fi/10.1177/2345678906292462 

Morris, P.W.G. & Pinto, J. K. 2004. The Wiley Guide to Managing Projects. John Wiley & 

Sons. New Jersey. ISBN 978-0-471-23302-2 

Morshedzadeh, I., Ng, A.H.C. and Jeusfeld, M. 2021. Managing manufacturing data and 

information in product lifecycle management systems considering changes and revisions. 

International journal of product lifecycle management. Vol. 13, No. 3, pp.244–264. DOI: 

10.1504/IJPLM.2021.118041 

Murthy, S. N., & Bhojanna, U. 2008. Business Research Methods. 2nd edition. New Delhi, 

India. Excel Books. ISBN 978-81-7446-579-5 

NEN Connect. 2023. About NEN Connect. [Online]. [referred 30.9.2023]. Available: 

https://connect.nen.nl/portal/Over-NEN-Connect/en 

Pan, Y. & Stark, R. 2022. An interpretable machine learning approach for engineering 

change management decision support in automotive industry. Computers in industry. 

Vol.138, p.103633. Article 103633. DOI: https://doi.org/10.1016/j.compind.2022.103633 

Quintana, V., Rivest, L., Pellerin, R., Kheddouci, F. 2022. Re-engineering the Engineering 

Change Management process for a drawing-less environment. ScienceDirect Computers & 

Industrial Engineering journal. DOI: www.elsevier.com/locate/caie 

https://doi.org/10.1016/j.cie.2022.108053 

Reddi, K.R. & Moon, Y.B. 2011. System dynamics modeling of engineering change 

management in a collaborative environment. Published online 26 February 2011. Springer-

https://doi.org/10.4135/9781473920163
https://doi.org/10.1016/j.cie.2022.108053


 

76 

 

Verlag London Limited. Int J Adv Manuf Technol (2011) 55:1225–1239. DOI: 

10.1007/s00170-010-3143-z 

Rubin, A. T. 2021. Rocking Qualitative Social Science: An Irreverent Guide to Rigorous 

Research. Stanford University Press. ISBN 9781503611399. 304 p. 

Scopus. 2023. Elsevier. Expertly curated abstract & citation database. [Online]. [referred 

3.9.2023]. Available: https://www-elsevier-

com.ezproxy.cc.lut.fi/solutions/scopus?dgcid=RN_AGCM_Sourced_300005030 

Sharp, M. E., Hedberg T. D. Jr, Bernstein, W. Z.  & Kwon, S. 2021. Feasibility study for an 

automated engineering change process. International Journal of Production. Research. 

59:16, 4995-5010, DOI: 10.1080/00207543.2021.1893900 

Stark, J. 2022. Product Lifecycle Management (Volume 1). 21st Century Paradigm for 

Product Realisation. Fifth Edition. Decision Engineering. [eBook]. DOI: 

https://doi.org/10.1007/978-3-030-28864-8 

Sääksvuori, A. & Immonen A. 2008. Product Lifecycle Management. Third Edition. 

[eBook]. DOI: https://doi-org.ezproxy.cc.lut.fi/10.1007/978-3-540-78172-1 

Taghizadegan, S. 2014. Mastering Lean Six Sigma: Advanced Black Belt Concepts. Edition 

1. Momentum Press. LCC. New York. ProQuest Ebook Central. ISBN 9781606504048 

http://ebookcentral.proquest.com/lib/lut/detail.action?docID=1319109. 

Terzi, S., Bouras, A., Dutta, D., Garetti, M. & Kiritsis, D., 2010. Product lifecycle 

management - From its history to its new role. International Journal of Product Lifecycle 

Management Vol. 4(4):360 – 389. DOI:10.1504/IJPLM.2010.036489 

Tranfield, D., Denyer, D. and Smart, P. 2003. Towards a Methodology for Developing 

Evidence-Informed Management Knowledge by Means of Systematic Review. British 

Journal of Management, Vol. 14. 207-222. Advanced Management Research Centre 

(AMRC). Cranfield School of Management. Cranfield University. DOI: 10.1111/1467-

8551.00375 

Toeroe, M., Tam, F. edit. 2012. Service Availability: Principles and Practice, John Wiley & 

Sons, Incorporated. ProQuest Ebook Central. EBOOK ISBN 9781119941361. 485 p. 

http://ebookcentral.proquest.com/lib/lut/detail.action?docID=875747.  

https://www.researchgate.net/journal/International-Journal-of-Product-Lifecycle-Management-1743-5129?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/International-Journal-of-Product-Lifecycle-Management-1743-5129?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1504/IJPLM.2010.036489


 

77 

 

Tuomi, J. & Sarajärvi, A. 2018. Laadullinen tutkimus ja sisällönanalyysi. Uudistettu laitos. 

Kustannusosakeyhtiö Tammi. ISBN 978-952-04-0011-8. 

Van Zeeland, I., Van den Broeck, W., Boonen, M., Tintel, S. 2021. Effects of digital 

mediation and familiarity in online video interviews between peers. Volume 14, Issue 3. 

Sage Journals. DOI: https://doi.org/10.1177/20597991211060743 

Vezzetti, E., Grazia Violante, M., Marcolin, F. 2013. A benchmarking framework for 

product lifecycle management (PLM) maturity models. [Article]. DOI: 10.1007/s00170-

013-5529-1 

Wiendahl, H.-P., ElMaraghy, H.A., Nyhuis, P., Zäh, M.F., Wiendahl, H.-H., Duffie, N., 

Brieke, M. 2007. Changeable Manufacturing - Classification, Design and Operation. CIRP 

annals. Vol.56 (2), p.783-809. DOI: 10.1016/j.cirp.2007.10.003 

Yin, L., Sun, Q., Tang, D., Xu, Y., Shao, L. 2022. Requirement-driven engineering change 

management in product design. Computers & industrial engineering. Vol.168, p.108053, 

Article 108053. Elsevier Ltd. DOI: 10.1016/j.cie.2022.108053 

Yoo, J.JW. 2023. Computational modular system configuration with backward 

compatibility. International Journal of Advanced Manufacturing Technology. 125, 3349–

3362. DOI: https://doi-org.ezproxy.cc.lut.fi/10.1007/s00170-023-10987-0 

  



 

 

Appendix 1. General interview structure and questions 

Structure of the interview: 

• Short introduction and background of the study.  

• Request to record the discussion. 

• Confidentiality 

• Some ideas which kind of items technical changes and release can include. 

Interview questions: 

• Which are the factors that are causing challenges in the product release process in 

general? 

• Do you have in mind some improvement ideas how release process could be 

improved in  

o system point of view? 

o process point of view? 

o overall? 

• Do you think it is possible to make technical changes without having the product 

release? 

o Proposals which kind of changes these can be and why? 

• Do you see any benefits to separate technical changes and the product release? 


