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Abstract 

In today’s global competitive environment the creation of innovations in both products 
and production systems in manufacturing companies are of increasing importance. 
When, for example, expectations increase for reduced numbers of faults for each new 
generation of a product or a production system, shorter time to market and volume, 
improved productivity, and profitability, there is also a smaller window of opportunity 
and margin for mistakes. An effective and efficient product and production 
development is a necessity in order to retain and improve companies’ competitive 
capabilities while continuous improvements and changes of both products and 
production systems are made in ever more frequent intervals. Companies need to 
manage the changes in a structured and systematic manner. One way to study this 
phenomenon is by analyzing the degree of newness and the amount of new content. 
Current research in the area of newness has mostly focused on newness from a market 
or product perspective with clear improvement potential regarding definitions and 
theory that includes newness in a production system. Earlier research within this area 
further highlights opportunities to improve the understanding for, and management of, 
newness in several different phases of a development project.    

Based on the background described above, the overall aim of this licentiate thesis is to 
improve management of newness in a production system. Specifically, the objective is 
to develop a framework supporting the assessment of newness in a production system 
during product and production development, from the early phases until start-of-
production. In order to achieve the objective, a literature review and three empirical 
studies were made. The first empirical study was a case study focusing on production 
system newness in an early phase of a product platform project. The second was a 
retrospective case study focusing on newness in four assembly system development 
projects. The third was a case study focusing on newness in 22 projects at a production 
project management department. All empirical studies were made related to different 
variants of complex sub-components within the heavy-duty vehicle industry.  

The results from this research contribute with new insights on newness in a production 
system, and new models for how newness can be evaluated. Further, to improve the 
understanding of newness in a production system, a proposed framework is presented 
that includes evaluation of newness at four levels: project management department 
level, project level, production process level, and sub-process level. The proposed 
framework is expected to be well received by practitioners working with project 
management in production, production developers, and production engineers who 
serve as the connecting link between product and production development at 
manufacturing companies. Finally, the prosed framework is suggested to be further 
validated in industry as a proposal for future research.   
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1. Introduction
This chapter introduces the research presented in this thesis with the specific focus on
assessment of newness in a production system during product and production development.
The background for the research study is first described in relation to current challenges and
opportunities, together with a problem statement and further research needs. This is followed
by the presentation of the objective, two research questions, selected scope, and delimitations
and a brief thesis outline.

1.1 Background 
Today’s business environment is dominated by rapid change and global competition. 
Due to globalisation, demands and expectations from customers on manufactured 
products have increasingly become diversified and sophisticated; technological 
breakthroughs create opportunities for new products and new production systems. This 
is well summarised by the World Economic Forum (2012, p. 4) which states, “In the 
21st century manufacturing environment, being able to develop creative ideas, 
addressing new and complex problems and delivering innovative products and services 
to global markets will be the capabilities most coveted by both countries and 
companies”. The situation above can be further exemplified by, for example, products 
as vehicles and machines that are becoming more light-weight, more complex, and 
have additional integrated mechanical and IT-based functions and service contents 
(Teknikföretagen, 2013). 

Due to the current competitive environment there is a general trend in industry, e.g., 
within the automotive industry, towards shortening product life cycles with a 
diminishing window of opportunity for each newly developed product (Almgren, 
1999). The companies that dramatically can reduce the time from customer demands 
to delivery can gain huge competitive advantages, and for many products the time 
from idea to full scale production has decreased by two-thirds during the last ten years 
(Teknikföretagen, 2007). In manufacturing companies all parts of the value chain must 
work in parallel and in coordination in order to be competitive (Teknikföretagen, 
2007). This includes having manufacturing seen as an indispensable element of the 
innovation chain when it enables technological innovations to be applied to goods and 
services that are competitively marketable in the marketplace (Manufuture-EU, 2012).  

If companies, in addition to shortened product life cycles, also are facing higher 
quality expectations and increasing pricing pressure, they have less time to improve 
quality and manufacturing productivity during product development (Morgan and 
Liker, 2006). This gives a smaller margin of error and new vehicle introductions which 
cannot result in a drop in vehicle quality (Morgan and Liker, 2006).  

In this scenario of global market competition, research and development challenges to 
achieve a higher competitiveness of the manufacturing systems should also be 
considered in terms of additional evolution drivers, such as cost efficiency, higher and 
more stable product quality, and higher productivity (EuropeanCommission, 2010). 
Yamamoto (2013) highlights that production functions, especially those located in 
high-wage countries, must be proficient in radical innovation within production and be 
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capable of creating new knowledge and constantly developing and implementing 
radically new production processes, technologies, and equipment that make their 
production systems more “unique”. 

In summary, in today’s global environment, innovation in both products and 
production systems are important, and there is a smaller margin of error. Being able to 
get high volumes of quality-assured products to the market rapidly and at low cost is 
essential for competitive success.   

1.2 “The Mechanism behind” - More frequent changes in products 
and production systems  
Winkler et al. (2007) states that the need for an increasing range of new products and 
variants to suit differentiated customer needs and an ever-shorter product life-cycle 
requires manufacturers to change or modify products and production systems within 
the manufacturing process at ever more recurrent intervals. This more frequent 
changes scenario is further highlighted in the European Commission (2010, p. 13): “A 
key factor to strengthen European leadership in product and process engineering and in 
the development of manufacturing systems, both discrete and continuous, will be the 
ability to achieve cost efficiency (including factors such as material supply, 
transportation, and cost of manpower), high performance and enhanced robustness, in 
a context of increasing product variability and continuously changing production 
volumes”. Future products will be manufactured in new types of production systems 
that are connected to systems for product development and material recycling and 
reuse, and new materials will increase the need for new and improved manufacturing 
processes and tooling systems (Teknikföretagen, 2013). There is also an identified 
challenge in, for example, Swedish industry to make use of existing production 
knowledge, and to develop and use new production methods (Teknikföretagen, 2013). 
Companies therefore need to develop capabilities to manage this situation with more 
frequent changes in both products and production systems.  

1.3 Problem statement - Newness/Novelty in a production system 
during product and production development 
As stated above, with an increase of modified and/or new products and production 
systems that are being developed at more frequent intervals, it is important to reflect 
on how companies can manage this effectively and efficiently. Based on the situation 
and trends described above it also becomes clear that manufacturing companies today 
and in the future might benefit from developing the capabilities to manage the 
complete range of challenges, from huge innovations regarding for example new 
products, new methods to produce, or a new source of supply of raw materials or half-
manufactured goods (Schumpeter, 1934) to more incremental changes and reuse of 
existing knowledge and solutions.  

One way to study this phenomenon, which has been defined and described from 
several perspectives and in different contexts, is to look upon how industry manages 
changes in relation to the degree of newness and novelty in a product and a production 
system during the product realisation process. In this thesis the term “newness” is used 
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as a focus and includes both novelty and new content. “Highly innovative” products 
are seen as having a high degree of newness and “low innovative” products can be 
seen at an opposite side of the scale (Garcia and Calantone, 2002). However, as Garcia 
and Calantone (2002) highlighted, little continuity exists in the new product literature 
regarding from whose perspective the degree of newness is viewed and what is new. 
Also, the situation is still unclear regarding what newness is in a production context. 

This opens up important further research opportunities, especially when earlier studies, 
for example results from a cross-sectional survey of 120 new product development 
projects for assembled goods (Tatikonda and Rosenthal, 2000b), suggest that projects 
with high levels of technology newness or project complexity are associated with 
specific project outcome elements. The results from that study emphasize that 
technology newness is strongly associated with poor unit-cost and time-to-market 
results and that process technology newness is more problematic than product 
technology newness. While Tatikonda and Rosenthal (2000b) employed survey 
operationalisations that were deeper than found in most prior research, they also 
highlighted that future research could investigate in even greater depth factors such as 
process technology newness and that detailed case-study type analyses may be 
appropriate. Similarly, further potential was also identified by Van der Merwe (2004) 
regarding the need for newness dimensions to be developed on more detailed sub-
levels. More recently, Shenhar et al. (2016), even if they used the established model 
“Diamond of Innovation” related to management of newness, technology, and 
complexity and pace in their study, concluded that there is currently no single 
comprehensive model to understand and analyse the entire spectrum of innovation 
challenges in highly complex projects, and practicing companies may still need to rely 
on a combination of models to understand the degree of innovation in a project and 
find the optimal ways of managing them.  

There are also several areas that have been identified by different authors regarding the 
need for deeper investigations about the challenges related to management of newness 
in product and production development. It has been argued that further research on the 
critical interface between “product design and engineering” and manufacturing needs 
to consider the degree of newness in new product development, engineering, and 
manufacturing as a mediating factor (Dekkers et al., 2013), and future research should 
address how to better plan for and deal with problematic task characteristics (e.g., new 
process technologies or novel project objectives) (Tatikonda and Rosenthal, 2000b). 
Further, the degree of newness might impact the extent of involvement from 
manufacturing will be beneficial, particularly during the early stages of new product 
development (Dekkers et al., 2013). Hence, the integration of product design and 
engineering and manufacturing is not only a necessity but also a balancing act to 
facilitate innovation, for which many aspects have not yet been settled in research 
(Dekkers et al., 2013). Despite the implementation of concepts like Concurrent 
Engineering, Product Lifecycle Management, and workflow management, 
collaboration between disciplines remains challenging (Dekkers et al., 2013). 
Although there seems to be agreement on the degree of newness having an impact on 
the suitability of intense cooperation, several authors do not consider this a relevant 
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variable (Dekkers et al., 2013). A more comprehensive review and more conclusive 
research regarding this matter are urgently needed (Dekkers et al., 2013).  

In line with the findings from Dekkers et al. (2013), Nafisi et al. (2016) more recently 
identified the need for further research based on an explorative case study in heavy 
automotive component assembly, concluding that further studies can be made in order 
to establish a stronger empirical base for how manufacturing will be involved in new 
product development. They said that further cases can add nuances to the findings by 
representing different degrees of change for the manufacturing system and finally 
proposed that “a key area is to describe how and when the stakeholders from 
manufacturing should be involved to maximize the benefits in terms of innovativeness 
and efficiency” (Nafisi et al., 2016, p. 68).  

Even in the later parts of the product development process, there exists further research 
opportunities that include product and process newness, regarding, for example, best 
quality management practices and techniques for diverse production ramp-up 
environments (Leffakis, 2016).  

Finally, even if it is well known that assessment models and tools may help new 
product development teams to develop an understanding of the critical challenges in 
product development and that regular use of i.e. the assessment tool developed by 
Lakemond et al. (2013) can make the identification of these challenges a routine 
activity for each product development project, one of the main directions for future 
research, according to Shenhar et al. (2016), is seeking additional and perhaps more 
refined models to distinguish among projects and identifying managerial implications 
for different kinds of projects on each dimension.  

To summarize, there is a need for an improved understanding about what newness is, 
e.g., in a production system during product and production development, to seek
additional and more refined models to distinguish among projects during product and
production development, and finally to identify related managerial implications.

The described problem statement above corresponds to an identified industrial need 
about improved management of newness in a production system, i.e., from a high 
management level in one of the largest manufacturing companies in the heavy duty 
vehicle industry. Based on these academic and industrial needs a research objective 
and two research questions are formulated below. 
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1.4 Research objective 
There are several earlier research studies that have focused on newness from a product 
design and development perspective. However, the amount of research focusing on 
newness from a specific production system perspective is more limited. Therefore, the 
following research aim and objective was formulated: 

“The overall aim of this licentiate thesis is to improve management of newness in a 
production system. Specifically, the objective is to develop a framework supporting 
assessment of newness in a production system during product and production 
development, from early phases until start-of-production”. 

1.5 Research questions 
To meet the objective of this research, two research questions (RQs) were formulated. 

RQ1: What is newness in a production system during product and production 
development? 

The first research question is posed to investigate what newness in a production 
system is in order to create a broader understanding and knowledge about newness 
from a production system perspective. This research question was formulated to both 
understand existing theoretical descriptions of the phenomena and also details of 
currently used production systems in industry today. 

RQ2: How can newness be evaluated from a production system perspective during 
product and production development projects? 

The motivation for the second research question is that in order to be able to assess 
newness in the production system during product and production development projects, 
a first critical factor is the ability to evaluate newness to create a better understanding 
of the exposed challenges. To support an identification of the amount of change and 
degree of newness in a structured and systematic way, and in order to facilitate 
management of newness in a production system during product and production 
development, an identification of exposed challenges can be a routine activity for each 
product and production development project in order to, for example, support the 
selection of the most appropriate management style for the situation. 

1.6 Scope and delimitations 
The focus in this thesis is on management of newness in the production system during 
product and production development in the heavy duty vehicle industry. This 
delimitation to the heavy duty vehicle industry is motivated by unique access, insights, 
and opportunities to do detailed studies, as the author has been employed at a company 
within this specific industry for more than 10 years. All empirical findings of this 
research are based on data gathered from this single company and mostly from one 
plant that produces and assembles sub-systems at a component level, which are 
delivered to the assembly of complete vehicles at a system level (Tidd and Bessant, 
2013) in other plants. This of course affects the generalisability of the results, but the 
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detailed understanding and full access to data was considered more valuable up to this 
point. However, the literature study was not limited to publications related to this 
industry, and studies based on other sectors were also reviewed. The research work in 
this thesis did not include research at suppliers and their production systems within the 
company network.  
 
Finally, the scope and delimitation of the research presented in this thesis is visualized 
in an illustration in Figure 1 below. The contributions from this research are made to 
the overlapping areas of product development, production development, and newness 
illustrated as the shaded part of the Venn diagram. Both product and production 
development are huge research fields, and there is a clear delimitation made in this 
research to focus specifically on management of newness in the production system 
during product and production development. 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 

Figure 1 - The area of contribution in this research. 

1.7 Outline of the thesis 
Chapter 2 describes the research methodology. Chapter 3 presents the theoretical 
frame of reference and Chapter 4 a summary of empirical findings from this research. 
Chapter 5 presents a proposed support for assessment of newness in a production 
system during product and production development, and finally a discussion, 
conclusions and suggestions for further research are presented in Chapter 6.  

Management of newness 
in the production system 
during product and 
production development. 

Product 
Development 

Production 
Development 
 
 

Newness 
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2. Research methodology 
This chapter begins with a presentation of the scientific approach and research methods used 
to conduct this research. Thereafter, the research process is discussed to show how the 
research was conducted followed by the overall research design of the studies, in addition to 
the times for different activities. Finally, the four included studies are described more in 
detail and the quality of the research is discussed. 
 
This research work is aimed to be research as defined by Sekaran (2003, p. 5), “an 
organized, systematic, data-based, critical, objective, scientific inquiry or investigation 
into a specific problem, undertaken with the purpose of finding answers or solutions to 
it”. However, even if the common goal of research is to make a contribution to 
existing knowledge (Karlsson, 2016) there is no single best way of undertaking all 
research (Saunders et al., 2009). Depending on the researcher’s view of knowledge, 
the objective, the research questions, and existing limitations there can be different 
approaches and methodologies suitable, Therefore, important decisions made by the 
author during this research work are presented below.  

2.1. Scientific approach  
With the scope of this research on how to improve management of newness in a 
production system during product and production development, and based on that 
complex phenomenon, a systems view approach was selected as the methodological 
approach for this project with the motivation that the knowledge using that approach is 
seen as system-dependent, where the whole is different than the sum of the parts, and 
the parts are explained from the characteristics of the whole system (Arbnor and 
Bjerke, 1994). In existing theory, both product development (Morgan and Liker, 2006) 
and production systems (Hubka and Eder, 1988) are often described as socio-technical 
systems. This selection of the systems view is further also supported by Bellgran 
(1998), who described the situation true also for assembly systems, where the relations 
between the parts are important because of their synergic effects. Bellgran (1998) 
further argued that the systems view better suits the field of assembly systems design, 
which can be seen as one part of production development, than the actor and analytical 
view presented in Arbnor and Bjerke (1994). 
 
A qualitative method (Creswell, 2009) has been seen as a preferable starting point in 
this research work due to the selected objective, research questions, and delimitations. 
This aligns with the experiences from Bellgran (1998), who described that with a 
systems view, “the qualitative method is advantageous for identifying and analyzing 
the reality and the real phenomenon about which knowledge is wanted, i.e. that of 
assembly system design” (Bellgran, 1998, p. 24). There are several different variants 
of qualitative research. One type that belongs to the most accepted forms of qualitative 
research is case study research (Yin and Retzlaff, 2013), which has been the chosen 
method for collecting empirical data in this research project, motivated by the studies 
need for an in-depth examination of the actual practice in a real-life setting (Yin, 2009) 
for the purpose of developing theory in the area of operations management (Meredith, 
1998).  
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The research is made from a realist point of view, and the contribution to theory 
consists of a more inclusive explanation of the phenomenon of managing newness in 
production processes during product development (Boer et al., 2015) that involves 
bringing several approaches together in addition to results from empirical case studies 
(Boer et al., 2015).  

2.2 Research process 
The foundation for this research work was a co-production approach with a clear 
industrial need formulated in one of the largest manufacturing companies in the heavy 
duty vehicle industry. The company is searching for a practical tool for management of 
newness related to their production system development. However, even if practical 
problems are important input to research topics, these problems need to be combined 
with the literature, and only by linking practical problems and the existing literature 
can research topics be defined (Karlsson, 2016). This is in line with the research 
process described in Fagerström (2004), with the objective and research questions 
formulated based on input from both the real world and theory, which also has been 
the case in this research work (see Figure 2).  

 

 
Figure 2 - Schematic research process from Fagerström (2004) in Eriksson (2009). 

This was followed by an iterative process of analyzing theory in addition to collecting 
and analyzing empirical data in the real world based on the selected methodological 
approach and case studies. Finally, as described in Figure 2, the end goal of this 
research process was to create both new scientific knowledge and, also in line with the 
aim of a successful co-production approach, to contribute with new practical 
knowledge for the company (Sannö et al., 2016).  

2.3 Research Design  
To create an overview of the research design with a description of the studies in 
relation to the academic contributions in the form of publications from this research, 
the summary in Table 1 below is created. This table first shows the links between the 
two research questions and each of the studies, including the highlighted study 
objectives. Secondly, the research methods are presented, including Case Studies (CS) 
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and different units of analysis in the three empirical studies (Yin (2009). Third, 
multiple sources of evidence, with data needing to converge in a triangulation fashion 
(Yin, 2009), are presented as they add to the results in this research work, and, finally, 
the publications are highlighted.  
 
Table 1 - Overview of the research design and description of the studies. 
 

Research 
Question 
(RQ:s) 

 

 
Links 

 
Study Objectives 

 
Research 
method 

 
Unit of 
analysis 

 
Data 

collection 
Sources 

 

 
Public
ation 

 
RQ1: 

What is 
newness in a 
production 

system during 
product and 
production 

development? 
  

 

  
Study 1: 

Understand what is 
written about 
newness in a 

production system 
in academia. 

 

 
Literature 

review 
(Longi-
tudinal) 

 
Newness 

and novelty 
in relation to 
production 

systems 

 
- Scopus 
- Web of 
science 

- Google 
scholar 

 
Thesis 

and 
parts 

in 
Papers 

I-III 
 

  
Study 2: 

To discuss the 
development and 

use of an approach 
to quantify 

production system 
newness in early 
product platform 

development project 
phases. 

 
Case 
Study 

(Project 1) 

 
Production 

system 
Newness in 
early phases 
of a product 

platform 
project 

 
- Participation 
in the project 
- Documents 

- Physical 
artefacts 

(Prototype) 
 

 
Paper 

II 
 

 
RQ2: 

How can 
newness be 
evaluated 

from a 
production 

system 
perspective 

during product 
and 

production 
development 

projects? 
 

  
Study 3: 

To discuss 
management of 
newness with a 

specific application 
of assembly system 
development in the 

vehicle industry. 
 

 
Retro-

spective 
Case 
Study 

(Project   
2-5) 

 
Newness in 

four 
Assembly 

system 
development 

projects 

 
- Participation 
in the projects 
- Documents 
- Interviews 
- Physical 

artefacts (The 
four assembly 
lines and their 

solutions) 
 

 
Paper 

I 
 

  
Study 4: 

To examine and 
improve the current 

understanding of 
the correlation 

between the various 
types of 

development 
projects, stage-gate 
models, and degree 
of newness from a 

production 
perspective. 

 

 
Case 
Study 

(Project   
6-28) 

 
Newness in 
twenty-two 
projects at a 
production 

project 
management 
department 

and its stage-
gate models 

 
- Documents 
- Interviews 
- Physical 
artefacts 
(Rapid 

Prototypes) 
 
 

 
Paper 

III 
 

Strong    
Weaker 
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2.4 The time for the studies and publications 
The authors’ various positions and roles at the case company since 2006, education, 
and, most importantly, the Case Studies (CS), different projects (P1-P28), and the time 
for the publications of Papers I–III included in this research work are presented in 
Figure 3. The co-production approach and dual roles during the research process 
implied full use of the experiential theory learning cycle presented in Kolb (2015) and 
the pre-understanding from the specific organization was seen as an aid in the research 
process. Comments regarding the time for collection of data and the analysis phase in 
each of the studies are also exemplified in order to increase the transparency of the 
research process. 

 
 
 
 

 
Figure 3 - The working positions, education, time for the studies with highlighted data collection, and analysis 
periods for the studied projects (P1-P28) and the publications (Paper I–III) included in this thesis for the years 

2006-2016. 

2.5 Detailed description of the studies 
To further provide understanding about the research work made in the four studies, 
each of them are now described more in detail below.  

2.5.1 Study 1 literature review 
Based on that the key outcome of the research process is contributing with new 
knowledge to the general body of knowledge of a particular topic (Karlsson, 2016) a 
literature review has provided input to each of the three empirical studies and the 
thesis, see Chapter 3, in this research work. The literature searches and results can be 
divided into three phases, presented as a summary in Table 2, and described more in 
detail in the text below.  

The time for the studies, publications and working positions 
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Table 2 - Summary of literature searches and results. 
  

Phase 1 
 

 
Phase 2 

 
Phase 3 

 
Key  

areas 

 
Product and production 

development context 
 

 
Product and production 

development context 

 
Product and production  

development context 

 
Key  

areas 

 
New content,  

Company term searches 

 
Newness/Novelty terms, 

 early searches 

 
Newness/Novelty terms, continued searches,  

Snowballing references and citations 
–> Scattered picture and identified gaps 

 
Phase 1 
This first phase included searches and results within the key area of the product and 
production development context, but there were limited results of interest found about 
the second key area when the company term “new content” was used in the literature 
searches. The books and articles used for describing the theory were found mainly by 
using the Mälardalen University library directory and the Scopus, Web of Science, 
Google Scholar, and Diva databases.  
 
Phase 2 
The second phase also included searches and results within the key area of the product 
and production development context, and early searches based on the 
Newness/Novelty terms in similar directories and databases as above showed 
important results about the phenomena.  
 
Phase 3 
Continued searches and results based on both key areas with the Newness/Novelty 
terms, including “snowballing” references and citations, supported an improved 
understanding of the level of maturity of knowledge in this particular research topic. 
The highlights of the results from all the literature searches are presented in Chapter 3, 
and the author’s opinion is that management of newness from a production system 
perspective during product and production development is still a scattered area, since 
existing knowledge is not fully mature and several literature gaps were found. This is 
further motivated by the fact that no well-defined theory seems to cover all aspects of 
the phenomena presented in earlier research, and the definition of a theory below from 
Karlsson (2016, p. 47) is still not fulfilled:  
 
“A theory can be defined as a set of interrelated constructs, definitions and 
propositions that present a systematic view of phenomena by specifying relationships 
among variables, with the purpose of explaining and predicting the phenomena” 
(Karlsson, 2016, p. 47).   
 
However, there were important earlier research results found on this phenomenon and 
the field can therefore be seen as an intermediate theory, rather than a nascent theory 
or mature theory (see Figure 4). 
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Figure 4 - The rectangular area represents the author’s opinion regarding the maturity of the knowledge on this 

particular research topic. The figure was adapted from Karlsson (2016). 

2.5.2 Overview of the three empirical studies 
In order to investigate the research questions in an industrial context, three empirical 
case studies were made related to the identified gaps in both practice and the literature. 
The three studies were conducted at the same plant within the heavy duty vehicle 
industry in Sweden and covered different degrees of the production system and the 
factory layout within the plant (see Figure 5). The studies also complement each other 
in relation to the level of detail and developments over time: 

•  Study 2 was a case study focusing on production system newness in early phases 
of a product platform project for different variants of one complex sub-
component. All process steps from incoming blanks to packaging of a final 
product within that production system area were included. 

•  Study 3 was a retrospective case study focusing on newness in four assembly 
system development projects for different variants of one complex sub-
component. 

•  Study 4 was a case study focusing on newness in 22 projects at a production 
project management department covering the total production system area in 
the plant. 
 
 
 

 
Figure 5 - Overview of the factory area in the plant covered for each of the three empirical studies.  

The Production Plant – Factory Layout 
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2.5.3 Study 2  
The objective of this study was to discuss the development and use of an approach to 
quantify production system newness in early product platform development project 
phases. 
 
The method selected to investigate this phenomenon was a case study in order to 
present and discuss an industrial example to evaluate production system newness in 
early phases of a product platform development project that focused on applying Set-
Based Concurrent Engineering (SBCE) principles. The selected case was a product 
platform development project of a critical sub-system for three different types of 
vehicles and more than 10 different unique products. The motivation for the study and 
selection of the case was a rare opportunity for first-hand experiences of the 
development, implementation, and use of a newness analysis approach at one of the 
largest heavy duty vehicle companies, in addition to the opportunity to study this in the 
context of a product platform development project that tried to apply SBCE-principles 
in practice. The author of this thesis acted as a participating researcher during the 
project in the role as project manager of production in the product platform 
development project, which is shown as project P1 in Figure 3.  
 
The company searched for a practical tool for management of newness related to 
quality assurance in production system development. This was the background for the 
development and use of an approach to quantify newness in the pre-study phase of the 
product platform development project from January to June 2011, which is presented 
in this study. The research process used was a data collection phase followed by an 
analysis phase in order to take advantage of detailed experiences and data from the 
participation in the studied case project.  
 
Data collection 
Project documents from company servers, outlook meeting materials, and experiences 
from participation in the case were the base for a description of the method for the 
development, test, and use of a newness analysis approach. A physical prototype 
further improved the understanding of one complex sub-system module in the project. 
 
Analysis 
The analysis was made by the author participating as a project manager of production 
in the case project. The results include the following nine identified steps of the 
working procedure for the development and use of an approach. The first step was 
background information of the industrial need and initiation. The second step was pilot 
development of an approach for production system newness assessment. The third step 
was presentation of a pilot approach for production system newness assessment at 
Design Review and Integrating Event 1. The fourth step was further development and 
evaluation of newness per each production system process and creation of A3s. The 
fifth step was presentation and use of the newness analysis results at a Concept Study 
Gate Audit in the end of the pre-study phase, and the results were presented in a Gate 
review at the Concept Study Gate. The sixth step was presentation at Design Review 
and Integrating Event 2. The seventh step was presentation material in the Steering 
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committee meeting for the Concept Study Gate. The eighth step was continued 
proactive actions after the presentations with one production engineer responsible. The 
ninth, and final, step was creation of a more generic visualization of the newness 
analysis approach, which is presented in Chapter 4.1.1 in this thesis. An Excel file was 
used in the analysis with attached links to the original project documents at the 
company.  

2.5.4 Study 3 
The objective of this study was to discuss management of newness with a specific 
application of assembly system development in the vehicle industry.  
 
The method selected to investigate this phenomenon was a retrospective case study 
focusing on four assembly lines for different variants of one complex sub-component. 
The motivation for the retrospective study and selection of the cases was the 
opportunity to take advantage of detailed first-hand experiences of the development, 
implementation, lean transformation, and full-scale production of four assembly lines 
at one of the largest heavy vehicle companies. The author of this thesis worked as 
assembly engineer during the first two projects (project P2 and P3 in Figure 3), 
followed by a role as project manager for the assembly line development and 
installations in the third (P4) and fourth (P5) projects, and finally also working as a 
lean (XPS) coach during the transformation in the fourth project, as shown in Figure 3. 
The product architectures and the production volumes were different for all four 
assembly lines, and the assembly systems studied are still in use at the company in 
full-scale production.  
To take advantage of detailed experiences and data from the participation in the 
projects, the research process used in this study was a retrospective data collection 
phase followed by an analysis phase.  
 
Data collection 
A document summary, including a retrospective collection of 13 project binders from 
the work in the roles as assembly engineer, project manager, and lean (XPS) coach, 
was made. The binders covered documentation of different project activities. A 
summarisation of the table of contents from the binders was made in Excel, with in 
total 217 numbers of headings to summarise activities from the projects. Secondly, 
based on experiences from the projects, the document summary and a literature review 
a model supporting the evaluation of newness within assembly was created. Thirdly, 
based on a project evaluation report and experiences from the participations, a 
selection of significant project activities for each of the four projects was made by the 
author and summarised in Excel. The selected important activities were divided into 
three categories to describe: briefly what was done per project, what was new, and a 
description of what was critical. Fourth, the selected important activities were 
validated with one key actor from each of the projects during an interview. From the 
first project, an assembly engineer was selected and from the second a person 
contributing full time from the assembly department. For the third and fourth projects, 
the same person contributing full time in both those projects from the assembly 
department was selected. All interviews were recorded. In the second and third 
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interviews, the participants were also asked to mark the document in colour whether 
they agreed fully, partly, or disagreed with each significant activity. 
 
Analysis 
The analysis phase was divided into two steps: newness model classifications and 
validation of newness model classifications.  
 
The newness model classifications were made by the author, based on experience from 
work as an assembly engineer, project manager, and lean (XPS) coach, with support 
from the newness model created in the data collection phase. The evaluation procedure 
for the classification of newness was of qualitative order in two steps. First, the 
selected important activities categorised as new or critical were further classified in 
relation to the different “7M” Dimensions from Bergman and Klefsjö (1994) in the 
model. For many of the activities, several classifications were possible and each 
activity was classified in relation to their most dominant dimension match. As the 
second step, each new activity per “7M” Dimension was evaluated in relation to the 
four Assembly System Newness Levels in the model adopted from Bruch and Bellgran 
(2014) and the evaluation standard below: 
 
Evaluation Standard 
The Assembly System Newness Levels were classified based on the situations in the 
existing and earlier assembly systems in the plant before each of the new assembly 
lines and pre-assembly stations were developed and installed. 

• Newness level one included carry-over solutions, i.e., a specific nut runner was 
moved from the existing assembly system to the new line in project P2. 

• Newness level two was used when known solutions from existing or earlier 
assembly systems in the plant were improved, i.e., a roller conveyor on a press 
was modified to decrease its size on the line in project P2.       

• Newness level three was used for new solutions not used in the existing assembly 
systems in the plant, aimed to be at state-of-the-art level based on i.e., 
benchmarks, supplier and consultancy experiences, and literature. For example, 
a new live roller conveyor was implemented in project P5. 

• Newness level four was used if the solutions didn’t exist before and the company 
and/or suppliers had to develop completely new solutions, i.e., new presses 
were developed together with suppliers in order to enable efficient and quality 
assured assembly of a new product in project P3. 

 
The validation of newness classifications were made in the way that for each of the 
newness model classifications, data was collected to validate the results in the form of 
documents and photos of the solutions at the new assembly lines in all four projects.  

2.5.5 Study 4  
The objective of this study was to examine and improve the current understanding of 
the correlation between the various types of development projects, stage-gate models, 
and degree of newness from a production perspective. The guiding research question 
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for the study was: how are different types of development projects in production and 
stage-gate models correlated in practice with respect to degree of newness?  
 
The case study method was employed as the overarching approach, because the study 
needed an in-depth examination of the actual practice in a real-life setting (Yin, 2009) 
for the purpose of developing theory in the area of operations management (Meredith, 
1998). The selected study was an investigation of newness in 22 projects (project P6-
P28 in Figure 3) at a production project management department and current working 
practices, including stage-gate models at the company. The motivation for the case 
study and selection of the projects was an opportunity to go through a co-production 
research approach (Sannö et al., 2016) and provide opportunities to create valuable 
results both for academia and the company directly. The author of this thesis worked at 
a department for manufacturing research in Operations Europe at the company during 
the study, which provided an unique opportunity to gain full access to otherwise 
classified company data (see Figure 3). Further, the author used to work at the studied 
production project management department as project manager, which provided 
valuable understanding of the context. The studied manufacturing plant and 
department was also chosen due to having rich experience in using stage-gate models 
for managing a wide variety of types and sizes of development projects in production, 
and the plant is the core plant within the company for the type of components it 
produces. The research process used in this study was a data collection phase followed 
by an analysis phase.  
 
Data collection 
Data was collected through eight semi-structured interviews and formal company 
documents. The interviewees included a team leader and four project managers from 
the product introduction part of the production project management department and 
three project managers from the production development part of the same department. 
The interview protocol consisted of details on the purpose of the study and the main 
interview questionnaire was distributed to the participants a few days before the 
interview. The average duration of the interview was approximately 60-75 minutes. 
After the interview, participants were asked to position their own projects in the 
Almgren’s model (1999) and to fill in the approximate number of new articles for each 
of their projects (i.e., from the product side), as well as the percentage of new content 
in the process (i.e., from the production side). In addition, formal company documents 
such as process descriptions of stage-gate models and project descriptions were 
collected on an as-needed basis.  
 
Analysis 
Data from interviews and documents were analyzed using spreadsheets for drawing 
tentative conclusions with a pattern-matching technique (Yin, 2009). Additionally, a 
validation with a participant of the project types in the study was made during the 
analysis phase in addition to earlier validation with participants about more basic 
information, such as the organizational chart presented in Paper III. 
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2.6 The quality of the research 
The validity and reliability are typically considered to assess the quality of qualitative 
research. It is also common that those aspects are discussed as four more complex 
criteria, also relevant for case studies (Yin, 2007). Three of those aspects, construct 
validity, external validity, and reliability are presented in the following sections, 
including several tactics used to deal with these criteria when the case studies were 
made. Finally, the role of the researcher is also discussed.  

2.6.1 Construct validity  
Construct validity relates to the identification of correct operational measures for the 
concepts being studied and has been supported by the use of multiple sources of 
evidence (Yin, 2009). Based on that the strenghts in case study data collection offers 
the opportunity to use several data sources (Yin, 2007), opportunities for tringulation 
were actively searched for as a strategy to improve the validity of the results during the 
long-term field involvement. For example, were the data in Study 3 from documents, 
participation in the projects, interviews, and finally also photos exemplifying 
”newness” in the physical artifacts (assembly lines). A key informant also reviewed 
results in Study 4 during the study to improve the validity in that case.  

2.6.2 External validity 
External validity relates to defining the domain to which a study’s findings can be 
generalized (Yin, 2009), and in this research the results are drawn from limited 
empirical research studies, thus affecting the possibility to generalize from them. The 
results are also limited to a manufacturing context in the heavy duty vehicle industry. 
Even if the aim was to use analytical generalizations and use of theory in the single-
case studies (Yin, 2007), additional studies are suggested for further research related to 
this topic in order to be able to replicate the results in relation to theory in other 
domains and contexts. 

2.6.3 Reliability 
Reliability relates to demonstrating that the operations of a study – for example, the 
data collection procedures – can be repeated with the same results (Yin, 2009). In 
order to support this, the working procedures were documented, interviews were 
recorded and transcribed, and a database for each study was developed during this 
research based on the recommedations in Yin (2007).  

2.6.4 Role of the researcher 
The different roles of the researcher in the organisation before and during the research 
were described in Figure 3 for transparency about earlier experiences and the studies 
included in this thesis. The researcher's background has given knowledge about which 
persons to contact for various questions, but with this deep involvement over a long 
period of time there is also a risk of being biased, to ask misleading questions, or 
influence persons during the daily discussions regarding the phenomenon that was 
studied. The cooperation with another researcher and the dual participation in, for 
example, the interviews in Study 4 was one active way to reduce those risks. More 
positive strengths from the approach used were easy to access along with the rich 
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amount of qualitative and quantitative data and a detailed understanding of the 
phenomenon observed in its natural environment.  
 
Due to that research problems are defined by what you do not know or understand 
about something (Booth et al., 2008) and that we solve research problems by 
answering research questions that help us to understand the problem better and grow 
knowledge (Karlsson, 2016) selected earlier works are described in the next chapter 
before the empirical results from this study are presented in Chapter 4.   
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3. Frame of reference and selected results from Study 1 
This chapter presents the selected theoretical frame of reference based on the literature 
review performed during the research process. The chapter is divided into three major areas. 
First, a brief review of product and production development are described in order to explain 
the main context for this research. Second management of newness in a production system is 
discussed and is related to assessments. Finally, the chapter ends with concluding highlights.  

3.1 Product development  
Product and production development can both be seen as important parallel parts in a 
product realisation process in order to realise customer needs (see Figure 6).  
 

 
Figure 6 - The product realisation process (modified from Gabrielsson (2002) in Bellgran and Säfsten (2010).  

More detailed, both product and production development can also be seen as important 
parts in fulfilling a company’s business strategy within the manufacturing industry. As 
seen in the example from the truck manufacturer Scania in Figure 7, the 
business/market strategy are preferably developed into interlinked and parallel product 
and production strategies that can be supported by interlinked product and production 
development activities.  
 

 
Figure 7 - Scania’s structure for parallel product and production development (Olhager, 2013). 
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Product development as a context for management of newness introduced in a 
production system is of great importance in this study. A commonly used definition of 
product development concludes that “Product development is the set of activities 
beginning with the perception of a market opportunity and ending in the production, 
sale, and delivery of a product” (Ulrich and Eppinger, 2003, p. 2). For this thesis work, 
that definition is complemented by the more specific definition from Loch and 
Kavadias (2008, p. 3) below, which includes a more explicit evolutionary perspective 
covering a degree of new or changed product market offerings over time, the selection 
of opportunities, and the transformation into artifacts (manufactured products) and 
activities (services) offered to customers:  
 
“New product development (NPD) consists of the activities of the firm that lead to a 
stream of new or changed product market offerings over time. This includes the 
generation of opportunities, their selection and transformation into artifacts 
(manufactured products) and activities (services) offered to customers, and the 
institutionalization of improvements in the NPD activities themselves” (Loch and 
Kavadias, 2008, p. 3).    
 
Often, product development can be seen as a process that generally follows a 
structured flow of activities and information, which makes it possible to draw process 
flow diagrams of a generic product development process (Ulrich and Eppinger, 2003) 
as in the process in Figure 8, which includes six phases from planning to production 
ramp-up. It’s also common that each product development phase (or stage) is followed 
by a review (or gate) to confirm that the phase is completed and to decide on whether a 
product development project shall proceed (Ulrich and Eppinger, 2003, Cooper, 2001). 
 
 
 
 
 
 
 

Figure 8 - Generic Product Development Process (Ulrich and Eppinger, 2003). 
 
However, even if there is a massive amount of research available on product 
development, differences in product development performance between companies has 
been shown for decades (Clark and Fujimoto, 1991), and it is well known that 
companies working better than their competitors can use the same development budget 
to offer a wider range of products or shorter the model cycles—or they can spend the 
money they save by implementing an efficient development process for developing 
new technologies (Womack et al., 1990). Commonly used dimensions like product 
quality, product cost, development time, development cost, and development 
capability (Ulrich and Eppinger, 2003) can show differences between companies’ 
product development performance, and whereas the performance gap in manufacturing 
is closing, the gap between best-in-class and the rest of the automotive industry in 
product development is increasing (Morgan & Liker, 2006).  
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Porter (1996) describes a situation in which companies must deliver greater value to 
customers or create comparable value at a lower cost, or do both. He stated that “the 
myriad activities that go into creating, producing, selling, and delivering a product or 
service are the basic units of competitive advantage” (Porter, 1996, p. 1).  
 
Product development projects in global companies today can be seen as a part of a 
socio-technical system (Morgan and Liker, 2006) and often as part of a product 
development program (Oehmen, 2012). These socio-technical systems use to be built 
up from several recurrent puzzle pieces, i.e., skilled people, process, and tools and 
technology (Morgan and Liker, 2006) that need to fit well together. It is common to 
visualize the product development process as value streams and flows containing 
multiple involved stakeholders, sub-processes, and activities in which several different 
product development projects pass through in the work to create new products 
(Morgan and Liker, 2006, Ward, 2007, Locher, 2008, McManus, 2005, Reinertsen, 
2009), which also can be related to recurrent tasks across several projects (Adler et al., 
1996). This holistic perspective of the complete lifecycle and the value to see product 
development as a system, also including the production system, is further supported by 
(Ward, 2007, p. 11) with a simple, but powerful statement: “we don’t make money 
until customers buy what comes out of our plants”. The insight that an early parallel 
work with product and production development often gives the best results is wide 
spread and can be reflected by the huge amount of research in, for example, 
Concurrent Engineering (CE), Simultaneous engineering, Integrated product and 
process development, Design for “X”, and Lean product and process development 
(Ward, 2007); including, for example, the principle about “Front-loading” (Morgan 
and Liker, 2006, Thomke and Fujimoto, 1998) and early problem solving. This insight 
is also reflected in commonly used industry standards as ISO/TS-16949 and Advanced 
Product Quality Planning (APQP) and Control Plan with a parallel start of the product 
design and development and process design and development, followed by a common 
product and process validation before the production.  
 
In line with additional important insights provided by Porter (1996) that a strategic 
positioning attempts to achieve sustainable competitive advantage by preserving what 
is distinctive about a company, which means performing different activities from rivals 
or performing similar activities in different ways, product development organizations 
are constantly searching for new ways to improve their product development project 
portfolios and methodologies in order to create their own distinctions and close 
potential gaps created by their competitors. A common strategy today is, for example, 
to use improved product and production platforms (Pashaei and Olhager, 2015) 
supporting reuse of solutions and a cost split between different products, models, 
variants, and product and production development projects. There are also significant 
proposals in literature for how companies adjust their models, i.e., Stage-Gate® 
models, to handle different types and sizes of projects (e.g., (Ettlie and Elsenbach, 
2007, Cooper, 2009). Successful ways of working have showed promising results, as 
Set-Based Concurrent Engineering (SBCE) at Toyota (Morgan and Liker, 2006), 
which are constantly being wider spread and applied by other organizations. The 
continuous improvement of product development at companies creates, from a 
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research perspective, several interesting opportunities. Even if ground-breaking 
research such as the SBCE-Principles in Table 3 from Sobek II (1999) supports a 
wider use and implementation of that approach, there are still research opportunities 
regarding the application and development of new processes and methods in practice, 
which will be further discussed below. 
 
Table 3 - Principles of Set-Based Concurrent Engineering (Sobek II, 1999). 

Principles of Set-Based Concurrent Engineering  
1. Map the design space. 2. Integrate by intersection. 3. Establish feasibility before 

commitment. 

• Define feasible regions. • Look for intersections of 
feasible sets. 

• Narrow sets gradually while 
increasing detail. 

• Explore trade-offs by designing 
multiple alternatives. 

• Impose minimum constraint. • Stay within sets once committed. 

• Communicate sets of possibilities. • Seek conceptual robustness. • Control by managing uncertainty 
at process gates. 

 
Within the specific area of product development and SBCE, for example Khan (2012) 
has identified key research gaps and concluded through his literature review that even 
if conceptual design appears to be where Toyota is unique through set-based 
concurrent engineering, no step-by-step methodology was found for this and no in-
depth case study was found where an engineering component, sub-assembly, or system 
was developed using lean product development. Even if Khan (2012) contributed with 
a lean product development model, tools and industrial applications, the motivation to 
further focus on this area has more recently also been highlighted. Raudberget (2015) 
for example provided a generic understanding of SBCE in the context of an industrial 
platform development and identified several research opportunities. He emphasized 
that literature covers few practical applications and evaluations of the principles of 
SBCE in industry, that theory of the SBCE does not cover practical means to introduce 
SBCE in industry, based on an application of the three principles from Sobek II (1999) 
and there are opportunities to develop support and processes for this, both for single 
products and for platforms. In addition, even if there are descriptions on critical parts 
related to SBCE, such as the integration events where the solution space is narrowed to 
hindering that too much work is invested in unfeasible solutions and to make decisions 
on which alternative solutions to eliminate based on knowledge of different systems 
and trade-offs (Raudberget, 2015), and that there are examples of lists available of 
selected topics recommended at the integration events, including identification, 
management, and retirement of program risks; involvement of suppliers and other 
stakeholders; balancing between new and mature technology and between creativity 
and standards; and re-use of modular subsystems and checklists from former programs 
(Oppenheim, 2004), Raudberget (2015) still also emphasized that current descriptions 
of the set-based decision process are not well developed and do not describe in-depth 
examples and that there are opportunities to test and explain different aspects of this 
process in more detail. Finally, Raudberget (2015) also highlighted an additional 
opportunity for further research, related to early phases and the establishment of a 
platform concept including new methods to assess platform concepts. Raudberget 
(2015) concluded that SBCE can promote different design decisions compared to 
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traditional methods and efforts should be made to better understand the SBCE 
assessment and elimination process.  
 
To conclude, there is a tremendous amount of research available on the topic of 
product development, and because of its importance in company competitiveness, 
there is a continuous development of methods, tools, and practices in both industry and 
academia. The constant changes of product development best practices have been of 
highest importance for this research because studies on the selected topic 
“management of newness in the production system during product and production 
development” are directly related to this context. Finally, it was exemplified that this 
situation, with continuous improvements of product development, also opens up 
several interesting research opportunities related to development of improved support 
and processes for introduction of SBCE in industry, as an example.   

3.2 Production development  
Production development is, as described earlier in this chapter, often an important part 
of the product realisation process to realise customer needs (Bellgran and Säfsten, 
2010) and is preferably connected to both product and production strategies and 
product development activities in order to fulfill the business/market strategy, as in the 
example from Scania in Figure 7 (Olhager, 2013). Since the conditions for industrial 
production continuously change (i.e., through global markets opportunities, pre-
requisite changes, and increased requirements), it is not enough today to develop one 
successful product; instead, there seems to be a need for a long-term ability to develop 
new products (Bellgran & Säfsten, 2010) and production systems. In line with Porter´s 
(1996) insights regarding strategy above, Hayes and Pisano (1994, p. 78) highlighted 
that “the key to long-term success is being able to do certain things better than your 
competitors can”, and a manufacturing system that is designed strategically and 
integrated properly with the rest of the enterprise functions can bring an important 
addition to a company’s arsenal of competitive weapons (Skinner, 1969). 
 
Production development as a context for management of newness introduced in a 
production system is of equal importance for this research as product development, 
described earlier. It is well known that careful analysis must be performed to design or 
select a manufacturing system that supports a particular strategy, but this is not an easy 
predictive step today since a “manufacturing science” does not exist (Vaughn et al., 
2002). The largest potential to achieving successful production systems is during the 
development of new systems, and therefore this area deserves extra attention (Bellgran 
and Säfsten, 2010). However, since manufacturing systems and facilities are capital 
intensive, it is more common to accommodate new product introductions, new 
technology insertions, manufacturing process changes, or system relocation within 
existing facilities using common machines and equipment (Vaughn et al., 2002). So 
rather than designing a new system from scratch, an existing system is often being re-
designed or heavily modified, which means in practice that additional constraints need 
to be considered during both product and production development (Vaughn et al., 
2002). When working with production development, a framework can give help and 
support to ensure compatibility between the new system or product being inserted into 
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the existing system (Vaughn et al., 2002); however, the terminology used to describe 
different activities during changes of production systems is vast and not unequivocal 
(Bellgran & Säfsten, 2010). The selected definitions applied for production design and 
production development in this thesis are presented below: 

“Design of production systems involves problem definition, identification of the goals, 
and to put forward different alternative solutions (problem solving). After that the 
different suggested solutions should be evaluated, a solution should be selected and 
developed further to a detailed level (decision-making). The result is a description of 
the production system to be (system solution)” (Bellgran and Säfsten, 2010, p. 112). 

“Development of a production system includes besides the design of the system 
solution also the next stage, to implement the solution, which involves building and 
industrialisation of the production system. Thereby the concept development involves 
a larger part of the life-cycle of a production system than the conceptual design” 
(Bellgran and Säfsten, 2010, p.112). 

3.2.1 Production system development process 
As in the situation with product development, production development can also be 
seen as a process that generally follows a structured flow of phases, activities, and 
information, as in the example from Bellgran and Säfsten (2010) in Figure 9 below. 
The development activities are divided into 11 phases (phase AX-Phase I) in order to 
support production system development. Each phase contains a number of questions, 
elucidations, and specification of importance for the progress of designing production 
systems according to Bellgran and Säfsten (2010).  

Another similarity with product development is that the production development 
process is constantly under continuous improvement in both theory and at companies. 
For example, several results have been presented since Inman et al. (2003) argued, 
from an automotive industry perspective, that production systems have a significant 
impact on quality, and after briefly reviewing the limited literature on the intersection 
of quality and production system design suggested several research issues of 
importance to industry. However, an important difference can be seen that large 
resources are put into the refinement of the product development process and it can 
still easily be concluded that equal attention on the area of production development 
implies a large potential for improvement (Bellgran and Säfsten, 2010). The assembly 
system design process has, for example, in general suffered from being a late phase in 
the total product development process, even if the assembly of the product often 
determines the final level of the product’s quality (Bellgran, 1998). One way to 
improve is through tools and methods supporting a structured way of working during 
production system development and each company can eventually create their own 
company-adapted procedure (Bellgran and Säfsten, 2010).  
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Figure 9 - Description of a way of working with production system development (Bellgran and Säfsten, 2010) 
further developed based on Bellgran (1998). 
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3.2.2 Production system  
The objective of this licentiate thesis is to increase understanding of newness in a 
production system and how to facilitate management of newness in a production 
system during product and production development, from early phases until start-of-
production. Therefore it is also interesting to reflect on production systems and their 
constituent parts. The current situation in a production system needs to be well 
understood to facilitate management of newness during product and production 
development. In order to describe the interpretation of a production system in this 
thesis, the hierarchical perspective in Figure 10 from Bellgran and Säfsten (2010) of a 
manufacturing system including a production system, in which a more detailed level 
can include both for example a parts production system and an assembly system, has 
been helpful. 
 
 

 
 
 

 

 

 
 

Figure 10 - A hierarchical perspective on production system (Bellgran and Säfsten, 2010).  
 
It is, however, well known that it is not sufficient to only focus on the production 
system hierarchy or only on technological aspects to fully understand a production 
system today. Related to a more socio-technical understanding, Hubka and Eder 
(1988) presented theories and a model of technical systems where the production 
system can be seen as a transformation process and a number of sub-systems (i.e., 
human system, technical systems, information system, and management and goal 
system) that all need to fit well together. This perspective also aligns with the wide-
spread concept of lean production (Liker, 2004) routed in Toyota’s production system, 
which includes a number of management principles, such as Just-in-Time and built-in-
quality to create maximum value, and reduced waste for customers. In addition, further 
identified aspects include causes of quality problems that often can be referred to as 
any of the following 7Ms from Bergman and Klefsjö (1994): Management, Man, 
Method, Measurement, Machine, Material, and Milieu. These can also serve as 
important input when describing the constituent parts in different production systems. 
These 7M factors are well-known in industry. A similar model is used in the standard 
ISO/TS 16949 and Advanced Product Quality Planning (APQP) and Control Plan that 
organizes the types of process inputs into a cause and effect diagram, where the 
primary groupings are: People, Materials, Equipment, Methods and Systems, 
Environment, and Customer Requirements. Summarizing a production system can be 
seen from several perspectives to describe its constituent parts, supporting 
understanding of current situations, continuous developments, and degree of newness.   
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3.3 Newness  
Based on the selected objective in the thesis, to increase understanding of newness in a 
production system and how to facilitate management of newness in a production 
system during product and production development, from early phases until start-of-
production, it is natural to focus on the third main area, newness, and specifically 
management of newness in a production system during both product and production 
development. As also mentioned earlier in the introduction, the concept of newness 
and novelty were used to describe the same phenomenon. Research in this specific 
topic has long been of interest within the research society.  
 
The question ‘What is “New” about a new product?’ was researched already in the 
1960s (Wasson, 1960), and the importance of and introduction of newness in products 
through product development has since been analysed and described. In their classic 
survey, (Booz et al., 1982), for example identified six categories of new products in 
terms of their newness to the company and to the marketplace, new-to-the world 
products, new product lines, additions to existing product lines, improvements 
in/revisions to existing products, repositionings and cost reductions. The results of 
their survey indicate that, typically, a company’s new product program includes a mix 
of these new products and in their results additions to existing product lines and 
improvements in or revisions to existing products accounted for 52% of all new 
product introductions over the last 5 years at that time. Most interesting, 30% of 
introductions were new-to-the-world products and new product lines, which often 
become a firm’s most successful new products. It was emphasized that they account 
for 60% of new products viewed as most successful (Booz et al., 1982). More recently, 
studies have also been done on the influence of product design newness on sales 
performance across a product’s life cycle. Results have emphasized that both design 
and technical newness are important drivers of car sales (Talke et al., 2009). 
 
The concept of newness and novelty has often been studied in relation to the concept 
of innovation, for example Salomo et al. (2008, pp.12-13) mentioned that: “our results 
indicate that firms that launch more innovative new products generate higher sales 
compared to their less innovative competitors” and “for management practice, this 
finding suggest to clearly define objectives for product innovativeness, which can 
guide new product development and to deliberately strive for higher degrees of 
newness” (Salomo et al., 2008, pp.12-13). However, even if positive aspects from 
introductions of newness and innovation in products have been showed by earlier 
studies, there has still been ambiguity over time within this area. This was addressed 
by for example Johannessen et al. (2001) in their article "Innovation as newness: What 
is new, how new, and new to whom?" Even if Johannessen et al. (2001) developed a 
scale that addresses six areas of innovative activity, new products, new services, new 
methods of production, opening new markets, new sources of supply, and new ways of 
organizing, and used factor analysis on data from two separate field studies (684 firms 
from eight industries and 200 information technology firms), they found that 
innovation as newness represented a unidimensional construct distinguished only by 
the degree of radicalness. They suggested that future researchers should strive to 
understand more precisely these basic questions about innovation - “what is new, how 
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new, and new to whom?” (Johannessen et al., 2001, p. 29). Related to this it is also 
interesting to reflect that according to Garcia and Calantone (2002), “innovativeness” 
is most frequently used as a measure of the degree of “newness” of an innovation, 
where “highly innovative” products are seen as having a high degree of newness. 
“Low innovative” products can be seen as the opposite side on a scale. Garcia and 
Calantone (2002) further highlighted that although the majority of research takes a 
firm’s perspective toward newness, little continuity exists in the new product literature 
regarding from whose perspective the degree of newness is viewed (i.e., the world, 
industry, scientific community, market(place), firm, customer) and what is new (i.e., 
technology, product line, product benefits/features, product design, process, service, 
quality/benefit). Despite the varying perspectives for ‘innovativeness’, Garcia and 
Calantone (2002) however also brought up an interesting conclusion that a single 
consistency does exist; it is always modelled as the degree of discontinuity in 
marketing and/or technological factors. They maintained that product innovativeness is 
a measure of the potential discontinuity a product (process or service) can generate in 
the marketing and/or technological process. From a macro perspective, innovativeness 
can be seen as the capacity of a new innovation to create a paradigm shift in the 
science and technology and/or market structure in an industry, while from a micro 
perspective, innovativeness is seen as the capacity of a new innovation to influence the 
firm’s existing marketing resources, technological resources, skills, knowledge, 
capabilities, or strategy (Garcia and Calantone, 2002). 

3.3.1 Management of newness in the production system 
Based on the situation described above and the selected focus in this research on 
management of newness in the production system during product and production 
development, it is interesting that researchers have used the concept of degree of 
newness in a product and process as key dimensions in order to understand and 
analyse the complexity in practice (Wheelwright and Clark, 1992, Almgren, 1999). 
Related to pilot production and manufacturing start-up, Almgren (1999) classified 
degree of newness of both the product and of the production system on a three-point 
scale: new, modified, or existing, in order to differentiate final verification situations 
based on the newness in the product and production system, as shown in Figure 11. In 
Almgren’s (1999) scale, a new product is a product not previously manufactured in a 
plant (however, it can have been manufactured elsewhere and transferred to a new 
plant) or a newly designed product that contains new technologies. A new production 
system is a system that has undergone major technical redesign (new machinery and 
equipment, new layout and flows) and has a new or modified supplier structure 
(additional sequence suppliers). A modified product is a product that has gone through 
various degree of redesign; similarly, a modified production system means a system 
that has undergone some technical redesign. An existing product means a product 
where no or minor changes have been made; an existing production system means a 
system in which no changes have been made. This production ramp-up classification 
model could also be seen as a starting point for judging which amount of resources, 
time, and effort would be needed in order to successfully carry out a production ramp-
up with a certain complexity. 
 



29 

 

Figure 11 - Final verification situations based on the newness in the product and production system 
(Almgren, 1999). 

The model from Almgren (1999) highlights that the current situation and potential 
earlier experiences are important input related to management of newness in the 
production system, and that it is possible to use the current situation also in a 
production system as a base related to the degree of discontinuity described by Garcia 
and Calantone (2002). This is in line with earlier insights described by Langowitz 
(1989) that factories have a repertoire of skills and that every factory has its own 
knowledge and skills base stemming from the history of products manufactured there, 
the people who manage and work on them, and finally also that a factory has a 
repertoire of production and problem-solving skills based on its experience with 
previous products. From the perspective of a management of newness in the 
production system, dealing with the challenge of fit between product design and 
production capability can be seen as a central question. Langowitz (1989) provided 
insights that a greater ease of manufacture should come with those products where 
product-factory fit is considered in advance. Related to both the concepts of fit and 
discontinuity, Langowitz (1989) described a new product as a mix of materials, 
technologies, special components, and a level of complexity that may or may not be 
the same as that of other products previously manufactured in a plant, and further that 
manufacturing specifications, such as tolerances or assembly sequence, also may or 
may not be the same—a situation that can be summed up that each new product 
presents a specific set of demands to a factory, and the consequences of ignoring 
product design fit with factory capability can be great (Langowitz, 1989). Finally, 
according to Langowitz (1989), when choices are available, product design-factory fit 
can be improved by selecting the factory into which a new product is to be introduced, 
and an improved fit might be the result of the design being changed to accommodate 
the factory’s skill base or the factory obtaining new knowledge, for example related to 
a special material well in advance of a product's manufacture (Langowitz, 1989). 
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3.3.2 Management of newness in the production system during product 
and production development  
In order to be able to manage newness in the production system during product and 
production development and in this specific context, it is of interest to consider 
different definitions and descriptions of what newness is and how it can be seen from a 
production system. Since both product and production development are often run as 
project initiatives at companies, a project perspective of newness is first discussed. 
Project newness has been obtained for example for manufactured goods by that 
changes were calculated by comparing the bills of materials for the new product to the 
bill of materials for the previous generation product (Griffin, 1997). However, Griffin 
(1997) also provided a more comprehensive example where project newness is 
operationalized based on this definition:  
 
“The amount of change, expressed as % new or % different, induced into the product 
and manufacturing process between the last generation product (if applicable) and this 
one… Since the focus here is on the firm’s development cycle, the amount of change 
measured is actual engineered change to the product or manufacturing process, not the 
amount of change visible to the customer” (Griffin, 1997, p. 12).  
 
In addition, Tatikonda and Rosenthal (2000b) extended existing measures of 
technology newness by incorporating multiple elements of technology and by 
considering these elements in greater depth. They defined technology novelty as the 
newness to the development organization of the technologies employed in the product 
development effort. Tatikonda and Rosenthal (2000a) further described that the 
technology novelty dimension has two major characteristics: product technology 
novelty and process technology novelty, where technology novelty was measured as 
perceived newness of the technologies to the firm at the start of project execution: 

1. The operationalization of product technology novelty includes new product 
architectures in addition to new product parts and modules, where product 
technology novelty was measured by the degree to which product modules, the 
product architecture, and product technologies overall were new. The following 
definitional clarifications were also provided in their work: A product is made 
up of major subsections called modules; there, modules may be subassemblies, 
subsystems, major components, etc. The way in which the modules are linked 
together is the product configuration, also called product architecture or 
systems design (Tatikonda and Rosenthal, 2000a). 

2. The operationalization of process technology novelty includes new 
manufacturing flows and layouts in addition to specific new manufacturing 
tools and process stages where process technology novelty are measured by the 
degree to which manufacturing stages, the process layout, and manufacturing 
technologies overall were new (Tatikonda and Rosenthal, 2000a). The 
definitional clarifications below were also provided as a support related to this 
process technology novelty operationalization: The manufacturing process is 
made up of major individual manufacturing stages and a manufacturing stage 
can be a fabrication, machining, assembly or packaging process. The order of 
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the stages, and linkages among the stages, constitutes the process layout 
(Tatikonda and Rosenthal, 2000a).  

It is worth noticing that (Tatikonda and Rosenthal, 2000a) developed new scales for 
these variables because there were no extant scales that captured technology novelty in 
the depth desired, and these scales were based heavily on their field experience.  
 
Van der Merwe (2004), in relation to the same phenomena, used identified ramp-up 
problems and specifically their causes as categories for dimensions of novelty in his 
research: product novelty, process novelty, product mix novelty, supplier novelty, and 
personnel novelty. Further, Van der Merwe (2004) described the idea of novelty as a 
driver of ramp-up performance in his research, which led him to learning being 
identified from literature as characterising the organisation’s response to novelty. 
From the perspective of management of newness in the production system during 
product and production development, the work from Van der Merwe (2004) is of high 
interest because there, the novelty concept was mentioned to be, for the first time, 
explicitly combined with the learning concept in a conceptual ramp-up framework (see 
Figure 12).  
 

 
Figure 12 - Final ramp-up manufacturing framework adjusted through the case stabilisation analysis (Van der 

Merwe, 2004). 
 

Van der Merwe (2004) also created very preliminary guidelines for managers who 
would like to use the framework to help in creating attention on generic areas of 
concern for different novelty dimensions; for example, learning response in the form 
of pre-production learning, post-production learning, resources required (time, 
engineering, and money), and ramp-up production impact (Van der Merwe, 2004). 
However, despite Van der Merwe’s (2004) clarifying framework, he still concluded 
that further potential was also identified regarding the need for evaluating newness and 
novelty dimensions on more detailed sub-levels. This is in line with findings from 
Berg and Säfsten (2006), who further elaborated on the production ramp-up 
classification model suggested by Almgren (1999). They agreed that his model could 
be seen as a starting point for judging which amount of resources, time, and effort 
would be needed in order to successfully carry out a production ramp-up with a certain 
complexity. Berg and Säfsten (2006) also highlighted that Almgren’s (1999) model 
gives very little insight regarding details, and that further considerations have to be 
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made, especially when it comes to changing the production system. Berg and Säfsten 
(2006) therefore suggested that the complexity of a production ramp-up can be viewed 
in terms of change between an existing and a new manufacturing approach. There, the 
manufacturing approach could be seen as a part of the manufacturing strategy content 
and constitutes the total pattern of all the decisions in each decision category, which 
could be, for example, decisions related to production capacity, facilities, technology, 
vertical integration, workforce, quality, production planning/materials control, 
organisation (Wheelwright, 1984); and plant and equipment, production planning and 
control, labor and staffing, product design/engineering, organisation and management 
(Skinner, 1969). Berg and Säfsten (2006) also proposed that the new manufacturing 
approach has to be adopted to insure that the competitive priorities defined in the 
manufacturing strategy are still fulfilled even if the manufacturing task has changed, 
i.e., that either the product or the production system or both are new or changed, and 
finally reflect on that the decision categories and decisions for use can vary, but the 
important thing is that all important differences are covered.  
 
Further, in relation to the common implementation of lean practices and approaches in 
companies today and project newness, the results from Browning and Heath (2009) 
and the case of Lockheed Martin’s production system for the F-22 military aircraft, an 
extremely complex and innovative product, becomes of interest. Browning and Heath 
(2009) explored how novelty, complexity, instability, and buffering affect the 
relationship between lean implementation and production costs, and they found that 
there are five major factors that are driving uncertainty and instability in a production 
process – two external and three internal: externally, (1) supply volatility (variation in 
inputs) and (2) demand volatility (variation in outputs); and internally, process (3) 
complexity, (4) novelty (or unfamiliarity), and (5) buffers, which insulate from 
disturbances (see Figure 13). The importance of focusing on management of newness 
is further supported by that the uncertainty and instability caused by novelty and 
complexity differ from that driven by other sources in that the root causes could be 
more difficult to anticipate a priori, according to Browning and Heath (2009), and that 
any novel, complex product will have a number of unexpected problems and issues 
arise during its development and production, which can be responded by different 
strategies for management of a project’s resources.   
 

 
 

Figure 13 - A framework relating lean implementation to production costs (Browning and Heath, 2009). 
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3.3.3 Selected earlier insights facilitating management of newness in a 
production system during product and production development  
The contributions from Browning and Heath (2009) in the section above related to a 
focus on management of newness during product and production development in a 
production system can further be related to earlier and additional research results 
facilitating management of newness and the degree of change in a product and 
production system. For example, according to Wheelwright and Clark (1992), the first 
step in creating an aggregate project plan is to define and map the different types of 
development projects. Defining projects by type provides useful information about 
how resources should be allocated and they found that the two dimensions most useful 
for classification are the degree of change in the product and the degree of change in 
the manufacturing process. The greater the changes along either dimension, the more 
resources are needed, according to Wheelwright and Clark (1992). By using this 
construct, they have divided projects into five types: derivative, breakthrough, 
platform, research, and advanced development, where each of the five project types 
requires a unique combination of development resources and management styles. This 
can also be related to a key finding in the research from Tatikonda and Rosenthal 
(2000b) that it is necessary to look below overall project outcomes and the aggregate 
levels of project type dimensions since technology novelty and project complexity 
dimensions are described as not associated with overall project success but associated 
with individual success outcomes (both are strongly and negatively associated with 
unit-cost, and in addition the technology novelty dimension is strongly and negatively 
associated with time-to-market). Therefore, Tatikonda and Rosenthal (2000b) 
highlightes that knowledge of the typical outcomes associated with different project 
characteristics can help a firm in selecting which projects (and sets of projects) to 
pursue out of all the projects it could pursue; plan the overall task content of different 
types of projects; and focus on which types of projects might most benefit from 
improved pre-project planning and post-project learning processes.  

Tatikonda and Rosenthal (2000b) suggests that future research could build on studies 
of individual projects by investigating specific ties between product family streams 
and the technology novelty/project complexity of individual projects in those streams 
and that such research might lead to prescriptions of competitively optimal, time-
phased product development portfolios while reducing task uncertainty for individual 
projects in the portfolio. In line with this and related to proactive production system 
development work, Bruch and Bellgran (2014) propose an integrated portfolio 
planning of products and production systems, including advanced engineering in 
relation to newness. Pisano (1996) has, for example, reflected about learning-by-doing 
versus learning-before-doing, in addition to the structure of knowledge and appropriate 
learning strategy in the development of a new process technology in his research. 

Dekkers et al. (2013) stresses that increasing the degree of novelty has an impact on 
the suitability of intense collaboration between functions and disciplines in 
organisations, and that this dimension impacts quite a number of issues for new 
product development and the interface between product design, engineering, and 
manufacturing. This is also explored in earlier studies that reflected on how the level 
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of newness can affect the development work and the development process, i.e., in 
relation to use/usefulness of different tools and methods (Tidd and Bodley, 2002) and 
concurrent engineering (Collins and Hull, 2002). More detailed, in relation to different 
situations, Adler (1995) for example also proposed a taxonomy and a framework to 
select optimum levels of interaction and coordination mechanisms between design and 
manufacturing departments to better fit with different levels of novelty and 
analyzability. Ciarapica et al. (2016) more recently also emphasize that the degree of 
newness determines the required depth of information-gathering activities for a firm to 
develop a new product. 
 
In relation to project management theory and projects, Puddicombe (2011) further 
argue that complexity and novelty are two key internal variables that define the 
contingency constructs. At a conceptual level, complexity can be viewed as a function 
of the number of parts and the resulting interactions between those parts, in 
comparison to that novelty refers to the degree of “newness” associated with the 
project (Puddicombe, 2011). A critical distinction was also highlighted by Puddicombe 
(2011); if a project is complex it is theoretically knowable and if enough resources are 
applied to the project all eventualities can be identified and planned for. However, 
novelty is described as different—it deals with project characteristics that may not 
have been previously encountered and you are dealing with unknowns that produce 
effects that cannot be planned for, according to Puddicombe (2011). These two 
constructs describe fundamental, tangible characteristics of the project (Puddicombe, 
2011). Insights like this can further be related to a study of NASA’s Mars Climate 
Orbiter, which provided another demonstration that one size does not fit all and 
suggests further that in studying project success or failure we need to not just ask, 
‘what is good or bad management’, but ‘what is the right management for the 
situation, the task and the environment’ (Sauser et al., 2009, pp. 676-677).  
 
Recently, Shenhar, Holzmann, Melamed, and Zhao (2016) also describe that one of the 
main directions for future research is seeking additional and perhaps more refined 
models to distinguish among projects and identifying managerial implications for 
different kinds of projects on each dimension. Shenhar et al. (2016) further also 
emphasize that knowledge of typical outcomes associated with different project 
characteristics can help firms in different ways, particularly in focusing more on which 
types of projects might most benefit from improved pre-project planning and post-
project learning processes, which can be seen in line with the findings from Tatikonda 
and Rosenthal (2000b). To support an identification of the amount of change and 
degree of newness in a structured and systematic way, and in order to facilitate 
management of newness in a production system during product and production 
development, regular use of an assessment tool, for example the one developed by 
Lakemond et al. (2013), can make identification of exposed challenges a routine 
activity for each product development project, also including degrees of newness. 
Earlier selected contributions related to newness assessments are therefore further 
described and discussed in the next section.   
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3.3.4 Newness Assessments 
In order to manage newness in the production system during product and production 
development projects, a critical factor is to be able to define and quantify newness. 
The evaluation and assessment of newness has been in focus to improve management 
of newness and novelty in earlier research. There are several assessment frameworks 
available as newness assessments mentioned earlier in this thesis related to the bills of 
materials for products (Griffin, 1997), percent new or percent different, induced into 
the product and manufacturing process (Griffin, (1997) and newness in connection to 
the ramp- and start-up phases of a production system on the three-grade scale for both 
products and production systems as proposed by Almgren (1999). The amount of 
change that is found most interesting in this thesis is the actual engineered change to 
the product or manufacturing process, not the amount of change visible to the 
customer, in line with the definition and insights from Griffin (1997). 
 
However, the market perspective in analysing solutions in relation to carry-over or 
what may be new to the company, new to market, or what may be new even from a 
global perspective, as described in Booz et al. (1982) is found interesting in this 
research from a project management and production system perspective. For example, 
related to newness assessments, Juran and Godfrey (1999) mentioned that in many 
Japanese companies new products are classified into the following groups on the basis 
of their novelty: 1) new in the world, 2) new in Japan, 3) new in the company, and 4) 
model change of a current product, etc. Such a classification can be seen effective for 
determining the steps and stresses in new product development and the assessment 
scale is possible to be used for management guidance (Juran and Godfrey, 1999). For 
example, for a new product of class 1, the quality, including safety, and the reliability 
should be most strictly assured even though time and money are needed. This is in 
contrast to new products of classes 3 and 4, where the emphasis is instead on 
promptness, with a focus on that the product development cycle time can be shortened 
(Juran and Godfrey, 1999). Further, in relation to quality assurance, the steps and the 
company departments involved may be summarized by “a chart of the quality 
assurance system”, which will vary with the novelty of the products (Juran and 
Godfrey, 1999). Even if the development of new products is usually a time-consuming 
undertaking that involves many trial-and-error procedures, the procedures of 
evaluation, qualification, review, etc. carried out during the various steps is said to be 
possible to standardize and become the first step in introducing quality control to new 
product development, according to Juran and Godfrey (1999). In relation to this and as 
an interesting example from the vehicle industry, Oshima et al. (2011) showed an 
example from Nissan how a newness assessment scale in relation to developed design 
standards can be used for selecting various design reviews during a company's product 
development, including level of change in manufacturing method/process as one 
parameter.  
 
From a market and production system perspective, Lager (2002), in connection to 
process industries, has proposed a matrix for the classification of process development 
in the process industry with a three-point scale (low, medium, high) for the dimensions 
newness of the process technology to the world - innovativeness, and newness of the 
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process technology to the company production system. In the example from Lager 
(2002), the assessment can be seen as a structural analysis of process development in 
the process industry and as a classification system for the support of strategic project 
selection and portfolio balancing. 
 
For both product and process newness there are several assessment dimensions, 
measures, and scales used in earlier research. This can be exemplified by the following 
three examples from Meyer and Utterback (1995), Tatikonda and Rosenthal (2000a), 
and Takeishi (2001). Meyer and Utterback (1995) for example used measurement 
scales for product characteristics and differentiated technology newness from 1 - the 
core technology is embedded in the company’s own current products and services, up 
to 5 - the core technologies represented a new technical effort for the company; and 
manufacturing process newness from 1 - the process used existing production facilities 
that have adequate capacity, existing measures of quality and existing degrees of 
precision, up to 5 - manufacture required new facilities and production processes, new 
measures of quality, and degrees of precision, all of which were created by the 
company itself (Meyer and Utterback, 1995). This can be related to the technology 
novelty measured as perceived newness of the technologies to the firm by a project 
group at the start of project execution by Tatikonda and Rosenthal (2000a), which 
instead used a 7-point Likert scale, with 7 = Completely New, 4 = Somewhat New, 1 = 
Not New, with the questions of: How new, on average, were the product modules? 
How new was the product configuration? Overall, how new were the product 
technologies to be employed in this project?; and related to process technology novelty, 
the questions: How new, on average, were the individual manufacturing stages? How 
new was the process layout? Overall, how new were the manufacturing technologies to 
be employed with this project? In the example from Tatikonda and Rosenthal (2000a), 
the beginning of the project was the time by which the major technological approach 
had been chosen and project go-ahead was given. Takeishi (2001), as in the example 
by Griffin (1997), used percent related to the degree of change in product technology. 
For example: 1 - Minor modification (changes were less than 20%) of a component 
design that had been already developed at your company, 3 - Completely new design 
(more than 80%), but its design was based on a technology that had been demonstrated 
in another project, up to 4 - Technologically new to the company and a completely 
new design. Takeishi (2001) further exemplified the process newness of the project 
even down to a really detailed level also including dies and tools: 1 - Existing process 
layout and equipment with minor modification of dies and tooling, up to 4 - 
Technologically new process to your company and completely new process layout and 
equipment.  
 
Related to the insights from Langowitz (1989) described earlier in this thesis, 
Danneels and Kleinschmidtb (2001) also used the aspects of familiarity and fit related 
to measurements and factor loadings of innovativeness dimensions in their research. In 
their example, technological familiarity could be related to questions like: To what 
extent did the engineering and design work involved in this new product project 
represent new or different work for your firm – a type of engineering or design work 
you had not done before? (very familiar work for us – totally new work for us), and To 
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what extent did the production technology and production process represent a new and 
different one for your firm – a type of production you had not done before? (existing 
production process to us – totally new production process to us). Technological fit, 
however, could, according to Danneels and Kleinschmidtb (2001), instead be related to 
questions like: To what extent were your firm’s engineering resources, people, and 
skills more than adequate for the engineering and design work involved on this 
product? (totally inadequate – far more than adequate), and To what extent were your 
firm’s production or operation resources, facilities, and people more than adequate for 
the production of this product? (totally inadequate – far more than adequate).  
 
Danneels and Kleinschmidtb (2001) further provided insights and concluded that the 
data they used suggested that the innovativeness of a product to a firm is 
multidimensional, and that some elements of product newness relate to newness in 
marketing terms, and others to newness in technological terms, and highlighted that 
this finding contributed to the literature because most previous research had treated 
product innovativeness as a unidimensional construct. Interestingly, Danneels and 
Kleinschmidtb (2001) also highlighted that their findings clearly showed that a product 
can be new to a firm along several dimensions, and that newness along one dimension 
does not necessarily imply newness along other dimensions. This can be related to 
further examples from Shenhar and Dvir (2007), who used the developed diamond 
framework and the NTCP model in relation to project management practices and 
exemplifies required and actual project management style in several cases based on the 
dimensions Novelty, Technological uncertainty, Complexity and Pace (NTCP), with 
separate scales developed for each dimension.  
 
In line with the findings from Danneels and Kleinschmidtb (2001) above, Verma 
(2010) also contribute with insights from his literature review that both newness and 
benefits were expected to have several distinct, independent dimensions and 
visualizing either of them unidimensionally would lead to severe limitations. Verma 
(2010) also presented a proposal for development of a product newness scale based on 
a concept of measurement items to a scale based on Anderson and Gerbing (1988) 
suggestions for scale development, which can be seen in Fig. 14. Verma (2010) 
suggested that breaking the concepts into several dimensions makes it possible to 
explain theoretically each dimension more appropriately. Verma (2010) further 
provide insight that although dimensions are of immense utility for the sake of 
theoretical explanation, they are far too abstract to be measured directly. As can be 
seen in the example in Figure 14, Verma (2010) use the familiarity and fit dimensions, 
but also suggested that each dimension needed to be broken down to several levels 
until indicators (measurement items) could be empirically measured with precision. 
Finally, according to Verma (2010), all the measurement items of a particular 
dimension could be collapsed to form a scale.  
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Figure 14 - Development of newness scale from the concept through the measurement items to the scale (Verma, 
2010). 

 
In the last five years there have also been important results presented regarding 
newness assessments. For example, Hubka and Eder (2012) highlighted that technical 
systems can be classified according to their originality or degree of novelty into the 
following categories: re-used technical systems, adapted technical systems, re-
designed technical systems, and original technical systems where re-designing is 
stated as probably the most frequent design activity.  
 
Related to lean product development, Khan (2012) reviewed a number of project 
management and technology assessment tools, but none of these provided the simple 
and flexible functionality that was sought. Khan (2012) therefore presented a Project 
Classification Matrix, since a tool was found to be required to classify the level of 
innovation of company/department projects and to present project parameters to 
support the shift towards better multi-project plans and strategies. In the work from 
Khan (2012), the level of innovation was numbered according to a scale developed, 
aiming to be relevant when classifying and planning future projects and considering 
innovation to be incorporated in systems, subsystems, and components with the 
following levels: 1 - No change, 2 - Low innovation derivative, 3 - Medium innovation 
derivative, 4 - High innovation, and 5 - Research and development (Khan, 2012). The 
scale developed was aimed to be combining advantages from other classifications, 
including technology readiness levels (TRLs), novelty, technological uncertainty, 
complexity, and pace (NTCP). The results were also visualized with colors for the 
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values of different modules on system and sub-system levels (Khan, 2012). Further 
related to user friendliness and early evaluations, Ringen et al. (2012) presented a 
framework for measuring product and process novelty in the early stages of product 
development and proposed an equation for calculating the product and process risk 
index as follows: Risk Index (process) = ((1×Improved performance) + (2×new to the 
company) + (3×new to the world)) / (number of processes). By testing the framework 
in companies, Ringen et al. (2012) could see that uniqueness does not seem to be 
dependent on amount of resources and “some companies can develop relatively 
innovative products with a small number of resources if existing machines and 
equipment can be used and few sub-components and manufacturing processes are 
needed in comparison to other, and less innovative, products that may require many 
sub-components and 15-30 value creating processes; hence, more resources are called 
upon” (Ringen et al., 2012, pp. 517-518).  

Lager and Frishammar (2012) also reflects on newness assessments in relation to 
collaborative development of new process technology/equipment in the process 
industries in search of enhanced innovation performance and presented a collaboration 
matrix for the joint development of process technology/equipment. The matrix could 
first of all be used as a tool in the selection of alternative forms of collaboration. Both 
“complexity of process technology/equipment for the firm” and “newness of process 
technology/equipment on the market” were measured on a three-grade scale as low, 
medium, or high (Lager and Frishammar, 2012). Different forms for collaboration in 
different parts of the matrix were also proposed; however, Lager and Frishammar 
(2012) suggested that which collaborative forms that are best suited in different parts 
of the matrix must be studied in further empirical research. Lakemond et al. (2013) 
presented an Interface Assessment Tool based on that increased newness may often be 
related to uncertainty and complexity. They used production complexity as a factor 
related to the company’s production system as well as the production system of 
external suppliers, where the factor includes both component manufacturing and 
assembly. In the assessment scale from Lakemond et al. (2013), questions were asked 
regarding for exemple: degree of mechanization/automation changes in the production 
system required, production technology/equipment that is new for the firm/production 
site, and if the layout/production set-up is new for the company/production site. These 
questions were rated on a scale of: 1 - completely disagree to 6 - completely agree. 
Further related to production system assessments, Bruch and Bellgran (2014) 
presented a model that visualizes four different levels of newness in relation to 
advanced engineering within production system development. They are: 1) use of 
carry-over solutions from existing or earlier production systems, 2) improved existing 
production technology solutions already known to the company, 3) state-of-the-art 
production technology solutions not previously used at the company and finally, and 4) 
development of unique production technology solutions. 

Elstner and Krause (2014) highlights the need for early consideration of the ramp-up 
phase in the development of complex products. They proposed that for meaningful 
assessment in the context of the early development phase, it was important to put key 
figures in relation to the previous product, and the degree of novelty was identified as 
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one of the main influencing factors with the following indicators: new technologies, 
components, processes, materials, and interfaces. Elstner and Krause (2014) further 
developed a procedure and highlighted that due to the different participants the 
uncertainty was considered with the help of minimum, maximum, and most likely 
value.  They finally also presented results regarding degree of novelty in the form of a 
visual spider diagram and an assessment of different risk factors related to degree of 
novelty and late changes. Pufall et al. (2012) further contribute with insights regarding 
software and hardware novelty. Software novelty could be assessed in relation to the 
number of requirements/features in a cell phone, not been included in previous 
products or the existing software baseline. They defined product novelty as the 
percentage material value of physical components in a cell phone that are new to the 
responsible development center, compared with previous products that had already 
been developed at that development center. In addition, Pufall et al. (2012) 
observations led them to conclude that the percentage material value offers a better 
operationalization than the percentage number of new parts due to definitions of 
product novelty that are based on the percentage of new parts regard each component’s 
contribution to novelty as equal, even though new displays, cameras, or processors, for 
example, were identified to require considerably more effort during integration and 
testing phases and entail more supply risk during the ramp-up phase than simple parts 
like new screws, foams, or stickers. Finally, Pufall et al. (2012) also found that 
effective capacity together with the novelty aspects of both software and hardware 
complexity (i.e., SW novelty and product novelty) are the key determinants of ramp-
up performance.  
 
The concept of newness and novelty in different parts and subsystems in a production 
system can be viewed from a Quality Management (QM) perspective. Leffakis (2016) 
presented a framework to identify best QM practices and techniques for diverse 
production ramp-up environments and concluded that upon a subsequent examination 
of the existing research, there was limited attention that had focused on identifying 
different production ramp-up environments and how this related to unique managerial 
approaches and QM practices for each type. He therefore developed a theoretical 
framework that identifies different types of production ramp-up environments based 
on the scope of product newness and the orientation of process technology used in the 
manufacturing system. By juxtaposing new product scope and process technology 
orientation for the framework, Leffakis (2016) categorized four different 
configurations of production ramp-up environments and further identified the 
corresponding QM practices and techniques to improve yield rate performance within 
each group. It was finally argued by Leffakis (2016) that each environment exhibited 
significantly different levels of uncertainty, complexity, and operational 
characteristics, thus requiring a unique strategy with an exclusive set of QM practices 
and techniques to improve production ramp-up performance.  
 
Even if there exists, as presented here, several important research contributions and 
insights as exemplified regarding newness assessments support in projects, Sauser et al. 
(2009) still concluded that current project management practices have not adopted an 
explicit, well-accepted way to identify project uniqueness at project initiation and to 
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select the right management style. Therefore, they suggested that since almost no 
project is done in isolation and most organizations are involved in more than one 
project, organizations would benefit from developing their own organization-specific 
frameworks for project categorization, and they should teach their project managers 
how to adopt the right approach to the right project. More recently, Shenhar et al. 
(2016) also concluded that from their analysis that there was no single comprehensive 
model to understand and analyze the entire spectrum of innovation challenges in 
highly complex projects. They further mentioned that after accepting the reality that 
one size does not fit all, practicing companies may still need to rely on a combination 
of models to understand the extent of innovation in a project and find optimal ways of 
managing them. Furthermore Shenhar et al. (2016) stated that using several models of 
analysis may shed different light on understanding the challenges of a complex project 
and contingency aspects could be multifaceted and interactive, which for no single or 
best model provided an overall direction or conclusive recommendations at that time. 
Most interestingly, Shenhar et al. (2016) also highlighted that different models may 
also be complementary to each other, and, if used together, they may compensate for 
weaknesses or limitations of any single model alone. They stated that a future research 
direction was to seek additional and perhaps more refined models to distinguish among 
projects and to be able to identify managerial implications for different kinds of 
projects on each dimension.  
 
During this last year Koc and Bozdag (2017) concluded that measurement of the 
degree of novelty is extremely important to avoid risk and carry out a sound 
innovation process, but also mentioned that in spite of the progress made by past 
research, the conceptualizations of innovativeness was still rather vague; the measures 
of innovation lack precision and consistency and do not intend to measure 
innovativeness and rank different technology alternatives in terms of the degree of 
novelty. Further, Koc and Bozdag (2017) mentioned that literature lacks measurement 
of novelty, that most of the literature have focused on the determination of 
antecedence, and that very few showed efforts to measure the degree of novelty. To 
contribute to this gap, Koc and Bozdag (2017) utilized Porter’s value chain (Porter, 
1985) approach and developed a process-oriented model that considered the possible 
impact of a new technology on all company value chain activities and used the 
Choquet integral to measure how such impacts are reflected in the degree of novelty. 
This recently developed approach from Koc and Bozdag (2017) with a focus on 
novelty impact on all company value chain activities, in addition to that the process-
oriented approach was selected because of insights that different novelty levels of 
technologies impact firms’ processes on different levels, and their impacts therefore 
should be assessed at the process level where their direct effects are expected, were 
found very interesting. However, to conclude, even if those and the additional 
important insights above are presented, further research regarding newness 
assessments are still needed, and there are several opportunities to facilitate 
management of newness in a production system during product and production 
development, of which some are selected and presented in the next section.  
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3.4 Concluding highlights from the frame of reference  
There is potential seen for further research in each of the three areas presented in 
Figure 1 within the scope of this thesis, namely product development, production 
development, and newness. Several improvement potentials were also found when the 
three circles were combined in the coloured part of the Venn diagram in Figure 1, with 
a specific focus on management of newness in the production system during product 
and production development. Even if several important earlier studies are available 
about this phenomenon and research results regarding both newness and assessments 
of newness in products and production systems exist, the area is still of interest for 
further studies, especially regarding practical applications and use within industry. The 
following five research opportunities were identified as especially interesting during 
this thesis work:  
 

• In the early phases of a continuously developing product and production 
development context, also including set-based concurrent engineering and 
product platform development, increase understanding about contingency 
factors, degrees of newness, and corresponding managerial implications for 
different projects and project characteristics.  

 
• Increase the current understanding of the phenomenon of newness in products 

and in production systems on a detailed level through case study research, 
including for example management of newness in a parts production system 
and assembly system during product and production development. 
 

• Improve the current understanding about the correlation between various types 
of development projects, stage-gate models, and degree of newness from a 
production system perspective. 
 

• Contribute with additional user-friendly support related to management of 
newness to improve practice at specific departments and key roles in an 
industrial organisation, from early phases of product and production 
development until start-of-production.   
 

• From a holistic perspective, combine and build on earlier findings to link 
important areas, create more common definitions, multi-dimensions, and 
newness assessment scales specifically from a production system perspective, 
and extend this field of theory in a more structured way.  
 

In order to contribute to these identified research opportunities and to further 
investigate how management of newness in a production system during product and 
production development can be facilitated; three case studies were performed at one of 
the largest companies in the heavy-duty vehicle industry, which will be presented in 
the next chapter. 



 
 

43 
 

4. Empirical Findings  
This chapter summarizes the empirical findings presented in the studies within the scope of this research. 

4.1 Results from Study 2 
Study 2 was a case study presented in Paper II, with the objective to discuss the 
development and use of an approach to quantify production system newness in early 
product platform development project phases. The main result from Study 2 is a 
description of a developed and used pilot approach for early newness evaluation from 
a production system perspective during product development. The approach was 
developed and used as a conceptual way of working in a new product platform project 
that tried to apply set-based concurrent engineering at a company within the heavy 
duty industry within a pre-study phase of the product development process, as shown 
in Figure 15. 
 
 
 
 
 

Figure 15 - The product development process in the new product platform project. 
 

The newness analysis approach is presented in Section 4.1.1, followed by a selection 
of important results from the underpinning activities in the development and use of the 
approach in the platform development case in Section 4.1.2. 

4.1.1 The newness analysis approach  
The newness analysis approach developed, pilot tested, and used in the case is divided 
into six phases, each with its underpinning activities (see Figure 16).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 16 - The six phases of the newness analysis approach and underpinning activities per phase. 
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4.1.2 Analysis 
This section describes selected exemplified results from the development and use of 
the newness analysis approach and the different underpinning activities presented in 
Figure 16. For six product design concepts (see Product E in Table 4), at least six 
subsystem modules with module variants for each sub-system were defined.  
 
Table 4 - Number of Product Design Concepts to Evaluate for Different Products. 
 
 
 
 
 
 
 
 
 
 
 
 
Production processes were defined for six product design concepts in the case study 
project, with 11 sub-system modules in total, including module variants. The 
complexity of the production processes ranged from 3 up to 29 production process 
steps for a total sub-system module. The production processes covered the production 
flow from blanks to packaging of a final product (see Figure 17). Each production 
process step for the sub-system modules in the six product design concepts were 
evaluated based on the defined production system newness criteria in Table 5. As an 
example, the evaluations of sub-system module 1 for Concept 1 are shown in Figure 
17. The value from all production newness evaluations for the sub-system modules 
were summed up and visualized for each of the concepts, for example production 
system newness value 470 for Concept 1 in Figure 17, further described in Paper II.  
 

Figure 17 - Production system newness evaluation in the case for Concept 1.  

 Concepts 
Product 1 2 3 4 5 6 7 8 9 

A X X    X X X   
B X X    X X X   
C X X    X X X X 
D X X    X X    
E X X X X X X     
F X X X X X X X     
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Production process steps per sub-system module 
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The Newness analysis matrix presented below in Table 5 is a summary of the results 
for each of the different production system newness criteria in the six evaluated 
product design concepts in the case.  

Table 5 - Newness Analysis Matrix. 

Concepts 
1 2 3 4 5 6 

Criteria Scale 470 245 386 385 382 419 

Enough information is missing 12 156 120 192 168 168 132 

No, we are not 
producing this 
type of article 

in our 
processes 

today; 

and we do not want it, either 11 33 0 0 44 33 33 
and the method is not proven by 
others 10 0 0 0 0 0 0 
the technology is known, but we 
need to get internal knowledge 
about it 9 36 18 18 18 9 27 
but we have competence about 
those processes 8 104 0 64 80 64 88 

Yes, we 
produce this 
type of article 
/assembled 

articles in our 
processes 

today; 

but we need to change methods 
for producing this 7 21 14 21 7 14 21 
with influencing external failure 
frequency, i.e. customer 
problems, PPM 6 0 0 0 0 0 0 
but we need to change the 
production flow for producing this, 
lego operations is not wanted 
according to lean principles 5 0 0 0 0 5 0 
but we want to change the 
production flow for producing this 4 4 4 0 0 4 4 
but we need a new machine for 
the changes in dimensions 3 21 18 24 3 18 21 
with small changes in dimensions 2 94 70 66 64 66 92 

Yes, we 
produce 

exactly this 
article 

/assembled 
articles in our 
process today; 

with influencing internal failure 
frequency, i.e., Capability (Cpk) 
and statistics over scrap 
produced 1 1 1 1 1 1 1 

with good results 0 

Important aspects from each of the six concepts were highlighted in A3 summaries. 
For Concept 1 under “Decisions and planning” were investments, lack of competences, 
and a further need of four advanced engineering research initiatives emphasized. 
Directly related to the analysis approach and its criteria was “low level of newness in 
some processes used today, but they are not wanted in the future” highlighted under 
the heading “problem and current situation”. The production team also asked for one 
material for all subsystem module variants within one type of sub-system module as an 
example of a “Decision”. The fifth step in the newness approach described in Figure 
16 was the proactive actions, and one example of proactive actions in the project was 
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that production engineering asked product developers for more information about the 
product design concepts and the knowledge gaps per concept. As the sixth and final 
step of the newness approach described in Figure 16, there were also several different 
ways of presenting the production system newness analysis results as a base for formal 
decisions in the case. Firstly, the material was used for a concept study gate audit in 
the end of the pre-study phase. Secondly, the results were used in Table 6 together 
with other concept-selecting criteria, for example, for Product E with the aim of 
supporting conclusions for product design concept eliminations in Design Review 
meetings and Integrating Events. Thirdly, the results were also used as input material 
for a Steering committee (SC) meeting for the concept study gate.  
 
Table 6 - Summary of Product Design Concept Results for Product E. 

 
Product E 

Value 
 

Concepts 
1 2 3 4 5 6 

Fuel Efficiency improvements %            
Remaining development potential %            
Development cost MSEK            
Product cost kSEK            
RG New Content without proactive credits ul            
Production System Newness ul 470 245 386 385 382 419 
Control complexity ul       

 

4.2 Results from Study 3 
Study 3, presented in paper I, was a retrospective case study with the objective to 
discuss management of newness with a specific application of assembly system 
development in the vehicle industry.  

4.2.1 A model supporting evaluation of newness in an assembly system 
With the insights from the standard ISO/TS 16949 and Advanced Product Quality 
Planning (APQP) and Control Plan “The key to successful development of cost 
effective processes is identification of the sources of variation and appropriate control 
methods”, a model was created to evaluate and discuss newness within assembly 
systems (see Figure 18). The model was based on the selected Assembly System 
Newness Levels adopted from Bruch and Bellgran (2014). The dimensions selected 
are the 7Ms from Bergman and Klefsjö (1994) motivated by the fact that causes of 
quality problems are often referred to and related to the 7Ms. The highlighted line for 
the start of production in Figure 18 is related to what learning response that needs to 
take place pre-production from Van der Merwe (2004). An Early Assembly System 
Newness Assessment supports the lean principle about “front-loading” (Morgan and 
Liker, 2006), and the development of processes for each dimension and newness level 
can be related to Adler et al. (1996) with recurrent tasks across several projects. In the 
model, the dimensions are placed to the right of the start of production in order to 
highlight that the time needed for quality assurance of each dimension might be higher 
and start earlier before the start of production if the newness level is high in 
comparison to if a low newness level and carry-over solutions are used.  
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The idea is to evaluate newness in relation to what needs to be in place at the start of 
production of an assembly system, which would give prerequisites to perform actions 
and conduct activities trying to avoid problems at the start of production. Such a model 
or tool would be valuable within assembly system design, and the results could be 
used for proactive development work: 

1. Performing activities within assembly system development with a focus on 
securing the start of production – efficiency, i.e., doing things right.  

2. Establishing a process securing continuous work and continuous improvements 
within assembly system development.  

3. Reflecting on the results and challenges within the different dimensions 
regarding newness with impact on effectiveness in the development work, i.e., 
doing the right things.  

 
 

 
Assembly System Newness Levels 

 Level 4. 
Develop-
ment of 
unique 

solutions 

Level 3. 
State-of-the-
art solutions 

not 
previously 
used at the 
company 
(plant) 

Level 2. 
Improved 
existing 
solutions 
already 

known to 
the company 

(plant) 

Level 1. 
Use of 

carry-over 
solutions 

from 
existing or 

earlier 
systems Dimensions 

 
Early 

Assembly 
System 

Newness 
Assessment 

 

     
Management 

     
Milieu 

     
Methods 

     
Machine 

     
Man 

     
Materials 

     
Measures 

 
Figure 18 - A model supporting the evaluation of newness within assembly systems. 

4.2.2 Analysis 
In order to give an overview of newness found based on selected important activities 
within the assembly systems in retrospective Case 1-4 (C1-C4) in Study 3, Table 7 
was created. In comparison to Figure 18, the 7M Dimensions from Bergman & Klefsjö 
(1994) are in Table 7 placed on the left side to improve the visualization. The 
Assembly Newness levels 1-4 used from Bruch and Bellgran (2014) were simplified to 
only include the numbers. The areas marked in colour in Table 7 under Newness 

Start of production 

Processes 

Processes 

Processes 

Processes 

Processes 

Processes 

Processes 
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Levels indicate that a dimension of newness was identified and exemplified in the 
Assembly System in the respective Cases 1–4 (C1-C4) based on the selected important 
activities in the cases. For Case 1 a grey colour is used, for Case 2 a blue colour, Case 
3 is represented by a green colour, and results from Case 4 are marked in orange. For 
each case a validation of the newness classifications was made to improve the 
reliability of the results with support from photos and company documents.   

Table 7 - Evaluation of Newness within Assembly Systems based on selected important activities in retro-
spective Cases 1-4 (C1-C4). The coloured areas indicate that a Newness Level related to a Dimension has been 
identified and exemplified in a Case. 
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4.3 Results from Study 4 
Study 4, presented in Paper III, was a case study with the objective to examine and 
improve the current understanding of the correlation between the various types of 
development projects, stage-gate models, and degree of newness from a production 
perspective. The guiding research question for the study was: How are different types 
of development projects in production and stage-gate models correlated in practice 
with respect to degree of newness? The first results from Study 4 are a positioning of 
22 projects across the product and production system newness dimensions based on 
the model in Almgren (1999) (see Figure 19). This was made in order to understand 
the current situation at a project management department in a plant within the heavy-
duty vehicle industry in Sweden. The positions (i.e., dots) in Figure 19 represent 
ongoing development projects, positioned by the respective interviewed project 
manager and a team leader. The numbers in Figure 19 represent different project 
numbers. 
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Figure 19 - The position of different development projects and their types across the product newness and 
production system newness dimensions, based on the model from Almgren (1999). 

4.3.1 Analysis 
To improve the understanding of various types of development projects in production, 
a classification of the projects at a selected production project management department 
was made. The empirical analysis showed that there were mainly nine types of projects 
at the project management department from a production perspective at the time: 1) 
new-component projects with investment projects, 2) new component projects, 3) 
insourcing projects, 4) update projects, 5) product maintenance projects, 6) 
investment-only projects, 7) improvement projects, 8) new-way-of-working projects, 
and 9) mission projects. Each cloud in Figure 19 represents an approximate area 
related to a specific type of project, which was defined based on the positions (i.e., 
dots) pointed out by the respective project managers and a team leader in the model 
from (Almgren, 1999). To organize and manage different types of development 
projects in the plant, the case company has adopted two different types of stage-gate 
models, namely, the product development model (M1) and the production 
development model (M2). In the case company, the technology organisation (i.e., 
R&D) used the concepts of “new content index” and “components maturity” to assess 
the degree of newness of projects, and the technology organisation divided the 
component projects into three size/scope classes. Project class 1 covered the projects 
that are experiencing small changes, e.g., creating new variants using existing parts; 
class 2 referred to the projects that are modifications to existing products; and class 3 
covered the projects that are totally new products or major changes to existing 
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products. The project classes gave a recommendation for a set of gates and decision 
points for a project to pass and the number of gates is drastically reduced from project 
class 3 compared to 1.  
 
The 22 projects classified into the nine types of projects, the project manager/project 
and their information on project classes used at the company, adopted stage-gate 
model, current stage gate phase, number of new articles divided in Make (M) and Buy 
(B), in addition to the rating by the respective project managers and a team leader of 
the perceived percentage of production system newness per project are further outlined 
in Table 8.  
 
Table 8 - Types of Projects, Project Manager Per Project and Information On Project Class, Stage-Gate Model, 
Current Stage-Gate Phase, New Articles, And Production System Newness At The Production Project 
Management Department Studied. 

Project management department at plant A 
 Project descriptions Stage-gates Newness 

Type of project Project 
number 

Project  
manager 

Project 
class 

Stage 
gate  

model 

Current stage 
gate phase 

Number of new 
articles, M=Make, 

B=Buy 

Production 
system 

newness (%) 
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4.4 Concluding highlights from the empirical studies 
This section summarizes selected important findings from the empirical studies. From 
the literature presented in Chapter 3 it can be seen that in early phases of a 
continuously developing product and production development context, including set-
based concurrent engineering and product platform development, there are 
opportunities to increase the understanding about contingency factors, degrees of 
newness and corresponding managerial implications for different projects and project 
characteristics. The results from Study 2 represent an example of a newness approach, 
see Figure 16, which was developed and used in a SBCE product platform 
development context with a connection to integrating events in a pre-study phase. 
Each production process step for the sub-system modules in six product design 
concepts were evaluated based on defined production system newness criteria with a 
scale ranging from 12 to 0. The results for six evaluated product design concepts in the 
case were shown with different characteristics.   

From the literature review, opportunities were also identified to increase the 
understanding of the phenomenon of newness in products and in production systems 
on a detailed level, including management of newness in a parts production system and 
assembly system during product and production development. The results from Study 
3 describe newness that was identified and exemplified in an assembly system based 
on selected important activities in four cases with support from the developed model in 
Figure 18 with the Assembly System Newness Levels adopted from Bruch and 
Bellgran (2014) and the 7M Dimensions selected from Bergman and Klefsjö (1994).  

There were also opportunities identified to improve the current understanding about 
the correlation between various types of development projects, stage-gate models, and 
degree of newness from a production system perspective. In Study 4, the results from a 
project management department in a plant within the heavy-duty vehicle industry in 
Sweden were presented. The results include a positioning of 22 projects across the 
product and production system newness dimensions in the model from Almgren 
(1999) (see Figure 19). There were mainly nine types of projects at the project 
management department from a production perspective at the time and the clouds 
visualized in Figure 19 were used to represent an approximate area for a specific type 
of project. The case company had adopted two different types of stage-gate models. 
Differences in project manager, project classes, stage-gate model, current stage gate 
phase, number of new articles divided in Make (M) and Buy (B), and the perceived 
percentage of production system newness per project were presented and further 
outlined in Table 8.  

All results from the empirical studies shall be seen as the first pilot results from new 
cases and only as small additional pieces in the academic dialogue regarding 
management of newness in a production system during product and production 
development.  
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5. Supporting assessment of newness in a production 
system during product and production development  
In this chapter, newness in a production system and newness evaluations from a production system 
perspective during product and production development projects are discussed based the selected frame of 
references within the scope of this research and the empirical research findings. Finally, a proposed 
support in the form of a framework is presented. 

5.1 Newness in a production system and newness evaluations 
during product and production development  
The overall aim of this research has been to improve management of newness in a 
production system with a specific focus on assessment, which in this research is 
supported by two research questions. The first was posed to investigate what newness 
in a production system is in order to create a broader understanding and knowledge 
about newness from a production system perspective. This research question was 
formulated to both understand existing theoretical descriptions of the phenomena and 
also details of currently used production systems in industry today. The second is 
concerned with how newness can be evaluated from a production system perspective 
during product and production development projects. In the following sections, a 
discussion is presented based on selected highlights from theory and the empirical 
studies related to both the research questions. 

5.1.1 Improved understanding of newness in a production system 
From the literature review in Study 1 it can be seen that in manufacturing companies 
today newness in a production system can be influenced by changes and modifications 
of both products and the production system. Almgren (1999), for example, classified 
degree of newness of both the product and of the production system on a three-point 
scale: new, modified, or existing, in order to differentiate final verification situations 
based on the newness in the product and production system, as shown in Figure 11. In 
Almgren’s (1999) scale, a new product is a product not previously manufactured in a 
plant (however, it can have been manufactured elsewhere and transferred to a new 
plant). A new production system is a system that has undergone major technical 
redesign (new machinery and equipment, new layout and flows) and has a new or 
modified supplier structure (additional sequence suppliers). A modified product is a 
product that has gone through various degree of redesign; similarly, a modified 
production system means a system that has undergone some technical redesign. An 
existing product means a product where no or minor changes have been made; an 
existing production system means a system in which no changes have been made. The 
model from (Almgren, 1999) further highlights that the current situation and potential 
earlier experiences are important input related to management of newness in the 
production system, and that it might be possible to also use the current situation in a 
production system as a base related to degree of discontinuity described by Garcia and 
Calantone (2002) in connection to development of innovative solutions. Langowitz 
(1989) provided insights that factories have a repertoire of skills and that every factory 
has its own knowledge and skills base stemming from the history of products 
manufactured there, the people who manage and work on them, and that a factory has 
a repertoire of production and problem-solving skills based on its experience with 
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previous products. Further, Langowitz (1989) described a new product as a mix of 
materials, technologies, special components, and a level of complexity that may or 
may not be the same as that of other products previously manufactured in a plant, and 
further that manufacturing specifications, such as tolerances or assembly sequence, 
also may or may not be the same. Essentially, each new product presents a specific set 
of demands to a factory, and the consequences of ignoring product design fit with 
factory capability can be great (Langowitz, 1989). Yamamoto (2013) contributed with 
insights that production functions, especially those located in high-wage countries, 
must be proficient in radical innovation within production and be capable of creating 
new knowledge and constantly developing and implementing radically new production 
technologies, processes, and equipment, which make their production systems more 
“unique”. The results from a project management department in a factory within the 
heavy-duty vehicle industry in Sweden presented in Study 4 includes a positioning of 
22 projects across the product and production system newness dimensions in the 
model from Almgren (1999) (see Figure 19). There were mainly nine types of projects 
at the project management department from a production perspective at the time. The 
clouds visualized were used to represent an approximate area for a specific type of 
projects in Figure 19, and the position of different types of projects in Almgren’s 
(1999) model helps to identify different characteristics of projects, which could help to 
develop a common language within a production organisation, thus opening up 
possibilities of learning from different types of projects. This can also be related to an 
identified opportunity from Shenhar et al. (2016), who highlighted that a future 
research direction could be to seek additional and perhaps more refined models to 
distinguish among projects and to be able to identify managerial implications for 
different kinds of projects on each dimension. The understanding of the project 
situation for the specific production project management department at that time might 
have been improved related to an overview of the distribution of projects of different 
types in relation to product and production system newness and corresponding 
complexity of the final verification situations as described by Almgren (1999).  

5.1.2 A need for more detailed newness evaluations 
Related to the production newness, discontinuity, fit, and project characteristics 
described above, the definition and description from Griffin (1997, p. 12) regarding 
project newness has been seen as highly relevant during this research: “The amount of 
change, expressed as % new or % different, induced into the product and 
manufacturing process between the last generation product (if applicable) and this 
one… Since the focus here is on the firm’s development cycle, the amount of change 
measured is actual engineered change to the product or manufacturing process, not the 
amount of change visible to the customer”. In an additional example, project newness 
was also described and obtained for manufactured goods by that changes were 
calculated by comparing the bills of materials for the new product to the bill of 
materials for the previous generation product (Griffin, 1997). The by the respective 
project managers and a team leader perceived percentage of production system 
newness per project presented in Study 4 and further outlined in Table 8 was of 
interest. However, the figures also revealed that more details are needed to further 
understand important differences between the projects and what the newness in the 
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production system is in each of the projects. This can be seen in line with the identified 
delimitations regarding the level of details in the model from Almgren (1999) 
highlighted by Berg and Säfsten (2006), and are related to the insights from Pufall et 
al. (2012) that definitions of product novelty that are based on the percentage of new 
parts regard each component’s contribution to novelty as equal, even though some 
valuable parts were mentioned to require considerably more effort during integration 
and testing phases and therefore entail more supply risk during the ramp-up phase than 
simple parts (Pufall et al., 2012). To sum up the focus on understanding of newness in 
a product and production on a high level as in the model from Almgren (1999) could 
be complemented with for example the description and definition of project newness 
from Griffin (1997). However, based on the results from Study 4, i.e., the production 
system newness percentage in Table 8 and the insights provided by Berg and Säfsten 
(2006) and Pufall et al. (2012) above, the evaluation of newness on a high level 
provides opportunities to be complemented by updated product and production system 
newness evaluation criteria, including more detailed levels to improve the 
understanding of the current situation in product and production development projects. 

5.1.3 Value chain, sub-system module, and production process newness 
evaluations 
The recently developed approach from Koc and Bozdag (2017) with a focus on 
novelty impact on all company value chain activities, and a process-oriented approach 
selected because of insights that different novelty levels of technologies impact firms’ 
processes on different levels, was found to be very interesting. Related to this are the 
insights from Tatikonda and Rosenthal (2000b), who defined technology novelty as 
the newness, to the development organization, of the technologies employed in the 
product development effort and further described that the technology novelty 
dimension has two major characteristics: product technology novelty and process 
technology novelty, where technology novelty was measured as perceived newness of 
the technologies to the firm at the start of project execution. The product technology 
novelty was more specifically measured by the degree to which product modules, the 
product configuration, and product technologies overall were new and process 
technology novelty was measured by the degree to which manufacturing stages, the 
process layout, and manufacturing technologies overall were new (Tatikonda and 
Rosenthal, 2000b). The results from Study 2, presenting an approach to quantify 
production system newness in early product platform development project phases, can 
be seen as being related to the insights from Tatikonda and Rosenthal (2000b) due to 
the identification of the different sub-system modules and variants for different 
product concepts in that case, in addition to the identification of corresponding 
production process steps per sub-system module (see Figure 17). The results from 
Study 2 included the production processes covered the production flow from blanks to 
packaging of a final product. Each production process step for the sub-system modules 
in the six product design concepts were evaluated based on the defined production 
system newness criteria in Table 5, and degrees of newness could be related to for 
example information, technology and internal knowledge, competence about 
processes, methods to produce an article/assembled articles, production flow, machine 
and dimensions, and internal failure frequency. The example in Study 2 aligns with the 
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definitional clarifications provided as a support from Tatikonda and Rosenthal 
(2000a), related to the process technology novelty operationalization. They described 
the manufacturing process as being made up of major individual manufacturing stages. 
A manufacturing stage can be a fabrication, machining, assembly, or packaging 
process. The order of the stages and linkages among the stages constitute the process 
layout (Tatikonda and Rosenthal, 2000a). To sum up, the understanding of newness in 
a production system can be supported by an evaluation of product modules, 
manufacturing stages, and the process layout (Tatikonda and Rosenthal, 2000a). The 
results from the example in Study 2 where production system newness for all 
production processes for different product modules for six product concepts were 
exemplified with support from production system newness criteria showed important 
differences in the production processes and the manufacturing stages for the six 
product concepts.  

5.1.4 Multi-dimensional newness evaluation criteria and content 
From the literature review in Study 1 it can be seen that for both product and process 
newness there are several assessment and evaluation dimensions, measures, and scales 
used in earlier research covering a wide range of factors (i.e., Meyer and Utterback, 
1995; Tatikonda and Rosenthal, 2000a; Takeishi, 2001; Berg and Säfsten, 2006). 
Interestingly, Danneels and Kleinschmidtb (2001) provided insights and concluded 
that the data they used suggest that the innovativeness of a product to a firm is 
multidimensional, and that some elements of product newness relate to newness in 
marketing terms, and others to newness in technological terms. They also highlighted 
that this finding contributed to the literature because most previous research had 
treated product innovativeness as a unidimensional construct. Danneels and 
Kleinschmidtb (2001) also highlighted that their findings clearly showed that a product 
can be new to a firm along several dimensions, and that newness along one dimension 
does not necessarily imply newness along other dimensions. Further, Verma (2010) 
contributed with insights from his literature review that both newness and benefits 
were expected to have several distinct, independent dimensions and visualizing either 
of them unidimensionally would lead to severe limitations. Van der Merwe (2004) 
used identified ramp-up problems and specifically their causes as categories for 
dimensions of novelty in his research; product novelty, process novelty, product mix 
novelty, supplier novelty, and personnel novelty. Related to this, the results from 
Study 3 that described identified and exemplified newness in an assembly system with 
support from the developed model in Figure 18 with the 7M Dimensions selected from 
Bergman and Klefsjö (1994) and Assembly System Newness Levels adopted from 
Bruch and Bellgran (2014), based on selected important activities in four assembly 
system development cases was found to be interesting. The results in Study 3 can be 
seen as multidimensional examples related to production system newness, in addition 
to the criteria used in Study 2 (see Table 5). To sum up, product and production system 
newness can be described through multi-dimensional criteria and has the opportunity 
to be supported by several different evaluation measures and scales covering a wide 
range of evaluation factors.     



 
 

56 
 

5.1.5 Assessment of newness in a production system during product and 
production development from early phases until start-of-production 
To also focus on evaluation of newness from early phases until start-of-production 
described in the objective can further be related to the presented framework by Ringen 
et al. (2012) for measuring product and process novelty in the early stages of product 
development. Elstner and Krause (2014) also highlighted the need for early 
consideration of the ramp-up phase in the development of complex products and 
proposed that for meaningful assessment in the context of the early development phase, 
it was said to be important to put key figures in relation to the previous product. 
Degree of novelty was also identified as one of the main influencing factors with the 
following indicators: new technologies, components, processes, materials, and 
interfaces (Elstner and Krause, 2014). The concept of newness and novelty in different 
parts and subsystems in a production system can also be viewed from a QM 
perspective. Leffakis (2016) presented a framework to identify the best QM practices 
and techniques for diverse production ramp-up environments. The SBCE context and 
product platform approach used in the early pre-study phase in Study 2 further 
provided additional complexity in order to understand, early evaluate, and manage the 
newness from a production system perspective for several concepts in that project. To 
sum up, to improve understanding of production system newness within different 
contexts and to further support the opportunity to do “front-loaded” proactive actions 
(Morgan and Liker, 2006, Thomke and Fujimoto, 1998), a focus on newness 
evaluations in early stages seems to be of interest. This is also related to risk 
management and identifying the best QM practices and techniques for different project 
and production ramp-up environments.  

5.1.6 Further opportunities related to evaluation of newness in a 
production system during product and production development 
From both the literature review and the empirical studies it has been exemplified that 
newness can be evaluated on different levels and that newness can be assessed from a 
production system perspective during product and production development projects in 
several different ways. Still, there was also potential seen from the highlights in the 
frame of reference to contribute with additional user-friendly support related to 
management of newness to improve practice in specific departments and key roles in 
an industrial organisation, from the early phases of product and production 
development to start-of-production. In order to further contribute to these identified 
research opportunities and to investigate how management of newness in a production 
system during product and production development could be facilitated, the results of 
the empirical studies and the literature review in Study 1 formed the basis for the 
development of support related to assessment of newness in a production system 
during product and production development, which is presented in the next section. 
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5.2 A proposed support  
The overall aim of this research was to improve management of newness in a 
production system. Specifically, the objective was to develop a framework supporting 
assessment of newness in a production system during product and production 
development, from early phases until start-of-production. From the literature review 
and empirical studies it has been exemplified that newness can be defined on different 
levels and that newness can be assessed from a production system perspective during 
product and production development projects in several different ways. The results of 
the empirical studies and the theoretical frame of reference form the basis for the 
following support proposed in this chapter. 

5.2.1 A proposed framework supporting assessment of newness in a 
production system during product and production development 
In order to help to grasp the complex phenomenon of newness in a production system 
during product and production development and to support an increased overall 
understanding, the proposed framework in Figure 20 was created based on the 
empirical findings during this research. The framework exemplifies four levels of 
context, with the aim to facilitate planning and management of newness: 

(1) Project management department level 

(2) Project level 

(3) Production process level 

(4) Sub-process level  

The “lenses” visualized as grey lines in the framework can be seen as an attempt to 
highlight important connections related to and between different situational contexts 
on the four suggested levels. This is further presented in Figure 20 with support from 
the model from Almgren (1999) used in Study 4, the product platform development 
project in Study 2, and newness exemplified in assembly system design projects in 
Study 3. In this example, the author first positioned the project in Study 2 in the model 
from Almgren (1999) used in Study 4 at the project management department level as a 
“New component project with investment projects” type of project. From this 
positioning in the model, the lens to the project situation with the remaining product 
concepts at the project level, in which each product concept had a separate degree of 
newness in Study 2, is visualised in Figure 20. For each product concept at the project 
level, there was also a connection seen. It is visualized here as a lens to sub-system 
modules and production processes, including their different degrees of newness at the 
production process level. Finally, from the production process level, for each single 
sub-process in a production process flow, an assessment of the degree newness could 
be made with support of pre-defined criteria, which are visualised here as a lens to the 
sub-process level. In this example in Figure 20, the newness exemplified in assembly 
system design projects in Study 3 are used at the sub-process level. By this, the 
positioning of the exemplified project in the model from Almgren (1999) at the project 
management department level can be interconnected the whole way down to the 
assessment of the degree of newness for different dimensions at each single sub-
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process step in the production process and vice versa. This supports a holistic 
perspective and understanding of the needs of management and planning related to the 
degree of newness situations on the four different levels, which also can be updated 
based on the latest experiences in different projects. 

Figure 20 - Support facilitating assessment of newness in a production system during product and production 
development, four context levels and newness exemplified from the empirical studies in this thesis work. 

In order to support management and planning of newness in production processes 
during product development, several experiences from the empirical studies in this 
research are further described below.  

(1) Project management department level
In order to describe the current situation at the project management department level,
the portfolio assessment and positioning of different development projects and their
types across the product and production system newness dimensions in Figure 19
indicate a situational complexity the department faces at the moment. This might be
related both to the number of projects and their respective degree of newness that need
to be managed. There were interesting findings related to planning and a need for
synchronisation depending on different degrees of newness in the projects. For
example, two different stage-gate models used at the company for product and
production development showed a need for synchronisation. There were several
project managers working at the project management department responsible for
different projects, and those activities needed to be planned and synchronized. By also
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mapping the different projects as a flow describing the stream of projects related to the 
product and production development stage-gate models, it was possible to identify the 
same types of projects in different phases and opportunities for learning between both 
projects and project managers. The importance of using a department level and project 
portfolio perspective in relation to planning and managing newness in projects can also 
be supported by the fact that one project most probably is affected by the preceding 
projects and the capabilities developed in the production system from them.  

(2) Project level
In order to describe the current situation at the project level, the number of product
concepts and their different degrees of product and production system newness
indicate a situational complexity projects faced at that moment. For some projects in
Study 3 and Study 4, the product was not changed at all, but in the context with SBCE
in Study 2, the huge amount of product concepts to evaluate from a production system
perspective, in addition to new meetings they must participate in (i.e. Integrating
Events), created several new challenges for production related to planning and
management of newness in the production processes during product development. The
use of the newness analysis approach in the pre-study phase supported a systematic
identification of needed coordination and exchange of information between product
development and production engineering for the different production processes to
close knowledge gaps and evaluate the product concepts. Even if the newness
assessment criteria dimensions used in Study 2 may be further refined, the cross-
functional method identified opportunities for early advanced engineering in
production, required investments decisions, and early proactive actions. Since the
project was a product platform project, there were also important insights that the
product concepts and the total degree of newness needed to be looked at from a
scenario perspective, with potential combinations of different product concepts for
different vehicle types and sizes.

(3) Production process level
In order to describe the current situation at the production process level, the number of
product sub-system modules and the related number of needed production processes
with different degrees of newness indicate a situational complexity. The early
involvement of experienced responsible specialists for each production process in
order to understand and evaluate different product concepts and sub-system modules
together with product development was seen to be of the highest importance in Study 2.

(4) Sub-process level
In order to describe the current situation at the sub-process level, the type of sub-
process needed, and the degree of newness in a single sub-process for the company
based on pre-defined criteria indicate a situational complexity. In Table 7 and Figure
20, degrees of assembly system newness (Bruch and Bellgran, 2014) are visualized as
examples of the 7M Dimensions from Bergman and Klefsjö (1994) in Study 3.
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6. Conclusions and future research
This chapter begins with a discussion regarding the fulfilment of the research objective and
the research questions. The research contributions are then presented, followed by a section
regarding research quality and limitations, and finally suggestions for future work are
presented.

6.1 Fulfilling the research objective 
This research was based on a need identified at one of the largest companies in the 
heavy duty vehicle industry to improve management of newness in a production 
system and the research opportunities presented in Chapter 1. There have been several 
earlier research studies focusing on newness and novelty from a product design and 
development perspective. However, the amount of research focusing on newness and 
novelty from a specific production system perspective were more limited. Therefore, 
the following research objective was formulated: 

“The overall aim of this licentiate thesis is to improve management of newness in a 
production system. Specifically, the objective is to develop a framework supporting 
assessment of newness in a production system during product and production 
development, from early phases until start-of-production”.  

To accomplish the objective, a theoretical literature review and three empirical studies 
were conducted for this research. The presented theoretical frame of reference focused 
on Management of newness in the production system during product and production 
development. Selected results from Study 1, the literature review, were divided into 
three main areas: product development, production development, and newness. These 
three areas were important to analyse and discuss in order to understand the current 
continuously developing situation at companies as well as within academia. The 
contributions from this research were assigned to the overlapping areas of the Venn 
diagram presented in Figure 1. The literature review identified several further research 
opportunities, some of which are highlighted in Section 3.5 and showed opportunities 
related to an ambiguity regarding the definition of production system newness and a 
scattered area with various approaches, methods, and models for evaluation of 
newness in a production system. The empirical part of this research introduces several 
current industrial practices and challenges, in addition to new pilot approaches. Study 
2 presented in section 4.1 and in paper II was a case study focusing on production 
system newness in early phases of a product platform project for different variants of 
one complex sub-component that tried to apply set-based concurrent engineering. 
Study 3 presented in section 4.2 and in Paper I was a retrospective case study focusing 
on newness in four assembly system development projects for different variants of one 
complex sub-component. Study 4 presented in section 4.3 and in paper III was also a 
case study focusing on newness in 22 projects at a production project management 
department, covering the total production system area in a selected plant. To describe 
the research findings in a structured manner, the research questions are reviewed 
below, followed by a brief description of how they are answered within the research. 
Thus, the two research questions formulated in Chapter 1 can be answered as follows: 
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The first research question was; 

RQ1: What is newness in a production system during product and production 
development?  

The first research question was posed to investigate what newness in a production 
system is in order to create a broader understanding about newness from a production 
system perspective. This research question was formulated to both understand existing 
theoretical descriptions of the phenomenon and also details of currently used 
production systems in industry today. This research question was answered through 
the literature review in Study 1 and the empirical studies. The theoretical frame of 
reference in Chapter 3.3, specifically up to and including Section 3.3.3, provided a 
basis for answering the first research question by reviewing the newness and novelty 
phenomena during product and production development via descriptions and 
definitions, including various levels of details and dimensions. In Study 4 and Paper 
III, an entire project portfolio on a production project department level in relation to 
stage-gate models and degree of newness was studied. The results include a 
positioning of 22 projects across the product and production system newness 
dimensions in the model from Almgren (1999) (see Figure 19). There were mainly 
nine types of projects at the project management department from a production 
perspective at the time. The clouds visualized in Figure 19 were used to represent an 
approximate area for a specific type of project. Differences in perceived percentage of 
production system newness per project were presented and further outlined in Table 8. 
In Study 2 and Paper II, an example of a newness approach (see Figure 16), which was 
developed and used in a SBCE product platform development context with a 
connection to integrating events in a pre-study phase, was presented. Each production 
process step for sub-system modules in six product design concepts were evaluated 
based on defined production system newness criteria with a scale ranging from 12 to 0. 
The newness results for six evaluated product design concepts in the case were shown 
with different characteristics in Table 5. The results from Study 3 presented in Section 
4.2 and in Paper I describe newness that was identified and exemplified in an assembly 
system based on selected important activities in four cases with support from the 
developed model in Figure 18 with the Assembly System Newness Levels adopted 
from Bruch and Bellgran (2014) and the 7M Dimensions selected from Bergman and 
Klefsjö (1994).  

The second research question was; 

RQ2: How can newness be evaluated from a production system perspective during 
product and production development projects? 

The motivation for the second research question was that in order to be able to assess 
newness in the production system during product and production development projects, 
a first critical factor is to be able to evaluate newness in order to create a better 
understanding for the exposed challenges. To support identification of the amount of 
change and degree of newness in a structured and systematic way, and in order to 



62 

facilitate management of newness in a production system during product and 
production development, identification of the exposed challenges can be a routine 
activity for each product and production development project. This research question 
was answered through the literature review in Study 1 and the empirical studies. The 
theoretical frame of reference in Chapter 3.3 and specifically up to and including 
Section 3.3.4 provided a basis for answering the second research question by 
reviewing newness assessments, including different levels of details, dimensions, 
measures, and scales. In Study 4 and Paper III, the position of different types of 
projects in Almgren’s (1999) model helped to identify different characteristics of 
projects. In addition, the perceived percentage of production system newness per 
project by the respective project managers and a team leader are further outlined in 
Table 8. In Study 2 and Paper II, the main contribution was the Newness Analysis 
Approach. This approach was shown to be useful in an industrial case to assess 
newness from a production system (plant level) perspective already in the early phases 
of a product platform development project. All process steps from incoming blanks to 
packaging of a final product within the production system area covered in the project 
were included, and each production process step for sub-system modules in six 
product design concepts were evaluated based on defined production system newness 
criteria with a scale ranging from 12 to 0. The results for six evaluated product design 
concepts in the case were shown with different characteristics. In Study 3 and Paper I, 
the model in Figure 18 using the 7M Dimensions from Bergman and Klefsjö (1994) 
combined with the Assembly System Newness Levels adopted from Bruch and 
Bellgran (2014) were used to describe the level of newness. Finally, the support 
proposed in Section 5.2 and the proposed framework in Figure 20 aim to increase the 
understanding of production system newness by combining opportunities to evaluate 
newness from a production system perspective during product and production 
development projects at four different levels with lenses visualized as grey lines in the 
framework that can be seen as an attempt to highlight important connections related to 
and between different situational contexts.  

6.2 Research contributions 
This research has both a scientific and industrial contribution. In order to support the 
overall aim of this thesis, which is to improve the management of newness in a 
production system, and specifically the objective to develop a framework supporting 
assessment of newness in a production system during product and production 
development from early phases until start-of-production, the main contribution of this 
research is:  

• The proposed framework supporting the assessment of newness in a production
system during product and production development, as presented in Section
5.2.1.

The proposed framework is the first attempt to connect Almgren’s (1999) model on a 
production department project portfolio level with the insights from Tatikonda and 
Rosenthal (2000b) regarding product modules and manufacturing stages and to 
combine it with the Assembly System Newness Levels adopted from Bruch and 
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Bellgran (2014) and the 7M Dimensions from Bergman and Klefsjö (1994) in order to 
visualize the newness in a production system during product and production 
development at four levels with support from empirical results.  

The framework is expected to be well received by practitioners working with project 
management in production, production developers, and production engineers, who 
serve as the connecting links between product and production development at 
manufacturing companies. In companies using stage-gate methodologies, the 
experiences from the framework are also expected to be well received from a gate 
audit perspective as an example of a structured analysis at early stages, in line with the 
example of the newness approach in Study 2 described in Paper II.  

6.3 Quality of the research and limitations 
Different aspects of the quality of the presented research were discussed in Section 2.6; 
however, it is important to notice that this research was mostly performed at a single 
plant in one company in Sweden, and the results are based on experiences from 
different projects and concepts of complex sub-components for heavy duty vehicles. 
This puts some limitations on the possibility to generalize the results. Many of the 
findings in the research should be looked upon as the first pilot examples that show 
promising potential. From a methodological standpoint, the selection of retrospective 
case studies and the focus in the analysis in Study 3 and Paper I on mainly the 
Dimensions and Assembly System Newness Levels in the model in Figure 18 also 
limited the opportunity to fully empirically evaluate all the different parts of that 
model. The reproducibility of the conducted research may also be a matter of question. 
Because the empirical data in this research was gathered in a dynamic industrial 
environment that is subject to continuous changes, conducting the same research in the 
future will most likely not lead to identical results. Finally, the proposed framework in 
Section 5.2.1 needs to be seen as just a proposal until additional studies are completed 
to validate the different levels and lenses within the framework as an attempt to 
highlight important connections related to and between different situational contexts 
on the four suggested levels. 

6.4 Future research 
During the research process, several potential areas for future research work were 
identified, some of which are described below. As described in the last section, the 
proposed framework in Section 5.2.1 needs to be validated in additional studies in 
order to strengthen the results. Further, after a potential validation of the four levels, 
there are also interesting research opportunities to develop and test guidelines for each 
level, follow one project for all levels, and to replicate the results in relation to theory 
in other domains and contexts, e.g., in relation to production and assembly systems in 
different plants, companies, and industries; assembly and production of different 
components, complete vehicles, and different levels of assembly; and production 
system automations.  

There are also several further needs for research identified regarding answering how 
each identified newness dimension and criteria could be assured and how the 
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continuous improvement process during and between projects related to management 
of newness should be performed. This suggestion could also be seen related to 
Leffakis (2016) presented framework to identify the best QM practices and techniques 
for diverse production ramp-up environments and as an opportunity to improve the 
identification of different production environments already in the early phases of 
product and production development. A detailed quantitative study related to 
assessment of newness when introducing new products in a production and assembly 
system would be of interest. Also further investigation into which way the degree of 
newness affects needed resources (i.e., time, cost, and competences) in different 
production project types, especially in relation to methods and learning for quality 
assurance of each of the 7M Dimensions from Bergman and Klefsjö (1994) could be 
performed. Finally, identifying how management of newness in a production and 
assembly system should be implemented into a company’s complete product and 
production system development processes for practical use would be of high interest to 
study. The author hopes that this thesis will stimulate further research in order to solve 
the important problem of management of newness from a production system 
perspective in a continuously developing Set-Based Concurrent Engineering and 
production development context. 
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