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Research question: How to support productivity when ramping up volumes in a complex 
production - utilizing knowledge management and competency modeling? 

Purpose:  The purpose of this study is to describe how competency modeling and 
knowledge management can support a ramp-up of an existing complex 
production. 

Method:  An abductive study approach is used, to keep the study open for new 
directions to generate new theories. A case study is done at ABB Machine, 
followed by two reference cases at Scania and Volvo. Semi-structured 
interviews are used together with observations to get qualitative data. A 
conceptual framework is used in the interviews to easier connect the data to 
the theoretical framework. The data is compiled and analyzed with a 
thematic approach. Empirical and theoretical data is separately analyzed, 
followed by a discussion how they could support a ramp-up process. 

Conclusion: Results showed that competency modeling and knowledge management 
together support a ramp-up better by improving knowledge transfer and 
flexibility. Flexibility is created from strategic modeling where personnel 
hold several competencies which enable for greater adoption to existing 
production. With proper knowledge transfer, new staff can be introduced 
more efficiently, and experienced ones can broaden their competencies 
furthermore. Also, it gives effects such as better work mood, new 
approaches on matters and less ergonomic injuries. The results also showed 
the importance of time required for transfer, which if not respected can 
effect ramp-up quality negatively. The recommendations for complex 
factory production is to use more competence broadening, comply with the 
time needed, have skilled trainers, and collective goals for the whole 
organization.   
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kunskapsöverföring, tacit, explicit 

Frågeställning:  Hur kan kunskapshantering och kompetensmodellering förbättra 
produktiviteten vid upprampning i en komplex produktionsindustri? 

Syfte:  Syftet med denna studie är att undersöka hur kompetensmodellering och 
kunskapshantering kan stödja upprampningen i en komplex och befintlig 
produktionsindustri. 

Metod:  I studien användes en abduktiv ansats. En fallstudie genomfördes hos ABB 
Machines samt två referensstudier hos Scania och Volvo för att kunna 
jämföra data. Datainsamlingen gjordes genom semistrukturerade intervjuer 
för att få kvalitativ data. Operationalisering användes i intervjuerna för att 
enkelt kunna koppla data till teori. Data som samlats in sammanställdes och 
analyserades med en tematisk modell. Empirisk och teoretisk data som 
samlats in gällande kompetensmodellering och kunskapshantering i komplex 
produktion analyserades först separat för att i nästa steg diskuteras hur de 
kombinerat kan stödja en upprampningsprocess.   

Slutsats:  Resultatet av studien visade att kompetensmodellering och 
kunskapshantering tillsammans kan främja en bättre upprampning i en 
produktion, genom förbättrad kunskapsöverföring samt strukturerad 
flexibilitet. Med högre flexibilitet kan produktionslag enklare anpassa sig 
mot ett ändrat produktionsläge, genom att personal innehar ett flertal 
kompetenser. Detta bidrar till att interna resurser kan utnyttjas mer 
effektivt. Kvalitativ och effektiv kunskapsöverföring bidrar till att ny personal 
kan introduceras snabbt samt att erfaren personal kan bredda och fördjupa 
sina kunskaper för ökad flexibilitet. Vid upplärning är det viktigt att personal 
ges tid för att kunna ta emot ny kunskap. Detta leder till flera positiva 
effekter såsom bättre arbetsmiljö, nya synsätt och färre belastningsskador. 
Rekommendationerna från studien är att satsa på kompetensbreddning, 
utbildade mentorer, samt gemensamma mål för hela organisationen.  
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1 INTRODUCTION 
This chapter provides an introduction, problem statement, purpose, and the research question of the 
study. 

The productivity of a company depends on several different factors such as the complexity of the 
manufactured products, processes, the quality of the raw material and the arrangement of the 
workstations constituting. (De Carlo, Arleo, Borgia, & Tucci, 2013) 

Jain, Jain, Chan and Singh (2013) implies that new customer demands for manufacturing today is 
general characterized by a high level of customization, large product variety, high quality, worldwide 
competition, new environmental standards, shorter life cycles and shorter delivery times. This leads 
to that the manufacturing setting is rather complex with a constantly changing production 
environment. The uncertainties could also lie in equipment breakdowns, variable task times, 
queueing delays, material mishandling, rejects and reworks, labor absence and turnovers (Sawhney, 
2006).  

To tackle the uncertainties Urtasun-Alonso, Larraza-Kintana, García-Olaverri and Huerta-Arribas 
(2014) implies that manufacturing companies focus on different aspects such as production 
technology, close relationships with suppliers and clients, implementation of quality improvements 
and leadership. These aspects have to be managed to generate saleable goods, the management of 
these are often known as production management (Neely, 1991).  Focusing on these aspects also 
enables companies manufacturing flexibility to increase and decrease risks (Urtasun-Alonso, Larraza-
Kintana, García-Olaverri & Huerta-Arribas, 2014). 

Sawhney (2006) implies the term flexibility equals to the ability to react or transform in both the 
manufactures external and internal environment with fewer losses in performance, time and cost. 
Urtasun-Alonso et al. (2014) suggest that manufacturing flexibility originates from the 1980s in 
Japan. Companies such as Toyota changed their way of working by implementing new systems to 
handle uncertainties and granting higher flexibility. This provided the Japanese companies’ 
competitive advantage against the Europeans, and North American competitors and this system 
were shaped into a model which is still used today - the Lean production model. 

With companies changing into being more flexible, it will affect operators in the production. Often, 
this trend means more automation and less staff, but also operators to be more flexible. It also calls 
for increased knowledge of the production process to quickly solve problems to avoid obstructive 
long and expensive production stops. (Holm, Garcia, Adamson, & Wang, 2014)  

A more flexible workforce puts pressure on the production managers to educate and strategically 
distribute the workforce in the production line. The managers might have to consider several 
aspects, for example, education of the personnel to match quickly changes in production volume. 
Also, tracking competencies in the production line and the constraints limiting the capacity.  

Production is constantly facing different volumes as the market goes up and down. It means that it is 
central that the workforce learns to live with continuous change. Sometimes internal resources might 
not be enough to manage a ramp-up, then recruiting of new personnel is desired (Heine, Beaujean, & 
Schmitt, 2016). But with the uncertainties and tight budgets, it is often difficult to balance the 
recruiting process with the actual demand especially when specific competencies are wanted. This 
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can result in that the production speed will not reach full capacity directly, due to lack of capacity or 
skills desired (Terwiesch & E. Bohn, 2001). In the short term this can be compensated by required 
overtime, but in the long term, it is not sustainable. 

Manufacturing flexibility means both the ability to ramp-up and ramp-down the production in an 
effective way. This study focus on the ramp-up processes in companies with long lead times, order-
based and manufacturing with long learning processes. These characteristics will throughout the 
study together be defined as complex production. Improving the ramp-up processes can gain: 
shorter lead times, minimize delays to customers and avoid fines, reduce the risk of repetitive strain 
injuries among employees and increased productivity. 

1.1 PROBLEM STATEMENT  
The challenge is to reach full capacity with desired quality as soon as possible after ramping up in a 
production environment. The study will therefore mainly refer to the area of ramp-up management.  

Ramp-up is defined by Steiner and Hergenröther (2014) as the time from when the factory starts the 
production of the full-scale production facilities till it reaches full capacity production. With today’s 
uncertainties, ramp-ups are more common, and therefore the ramp-up management should be 
considered more to be efficient to face customer delivery times (Steiner & Hergenröther, 2014).  

The performance of the ramp-up also depends on the collaboration between coworkers and other 
stakeholders. There occurs a lot more disturbance in production and logistic processes during ramp-
up comparing to stable mass production which can lead to a loss in quality, output, and productivity. 
To be able to minimize disturbances it is important to have a close collaboration with customers to 
avoid misunderstandings in customer requirements, responsibilities, project transparency and lack of 
cross-functional information exchange. (Heine et al., 2016) 

Glock and Grosse (2015) made a literature review on decision support models for production ramp-
up, and one of their conclusions was that it is common to study capacity investment, performance 
measurement, and inventory management during ramp-up. But, only a few of the reports discussed 
worker assignment or workflow management models. Another source confirming this is Heine et al. 
(2016), who meant that researchers usually focus on aspects such as material flow when trying to 
optimize productivity in a manufacturing, but lack research around knowledge management and 
competency modeling which are two central areas. 

This study focuses therefore on how staffing management can support a more successful ramp-up. 
Staffing management consists of wide spectra of categories: knowledge management, competency 
modeling, reward systems, leadership development, employee selection and team development 
(Heine et al., 2016).  

1.2 PURPOSE 
Due to the context of this project, staffing management will here only include knowledge 
management (KM) and competency modeling (CM). The purpose is to describe how these two 
subjects better can support productivity and efficiency when ramping up an existing complex 
production. Our project is based on existing literature and three case studies to describe how the 
two areas – knowledge management and competency modeling - combined can support an 
organization with ramp-up issues.  
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RQ:  How to support productivity when ramping up volumes in a complex production -
utilizing knowledge management and competency modeling? 
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2 RAMP-UP MANAGEMENT 
This chapter provides information of the basic standards of ramp-up, KM and CM. In the end a 
conceptual framework table shows all important key words displayed throughout the literature.  

Production is working towards cutting tight time schedules to customers, reducing costs, improving 
quality and reducing time-to-market. However, also working to cut time to reach full capacity 
production, time-to-volume, called ramp-up (Terwiesch & E. Bohn, 2001). The definition of the term 
ramp-up can vary depending on what article you read. Some define it as the time interval to reach 
full capacity for a reconfigured production system or the time interval from zero to full capacity 
production (Matta, Tomasella, & Valente, 2008). There is a time model consisting of four phases: 
development, prototyping, pilot run and start-up (Heine et al., 2016). Last is the time to scale up the 
production from a minimalistic scale in the R&D to a larger scale in a production environment 
(Terwiesch & Xu, 2004) which would require a process strategy. The ramp-up in this study will refer 
to manufacturers ramping-up existing production to a new volume.  

Berry, Klompmaker, Bozarth and Hill (1991) recommend process strategy as one of the fundamental 
stones for operation planning; it is one of the first steps towards achieving flexibility, 
competitiveness, quality, time-effectiveness, cost-effectiveness, and longevity by creating value from 
a resource. Factors to be taken into account and studied before forming a process strategy are the 
market, time, process technology, infrastructure and volume capacity (Berry et al., 1991). Forming a 
process plan should not aim for near-term financial goals, but rather long-term trends, chances, 
encounters and choices (Kaplan & Beinhocker, 2003). Kaplan and Beinhocker (2003) indicate that the 
goal of process strategies is to create: a mindset enabling the making of rational strategic decisions 
and not just creation of strategies, especially in a world of turbulence and uncertainty.  

Fjällström, Säfsten, Harlin, Stahre (2009) presented an empirical study to identify the information 
flow about critical events. The result showed that most critical events occur in relation to personnel 
and education events. This is an outcome from unorganized education, due to workforce being 
educated in no specific order, hired personnel with limited or zero experience despite education 
before the ramp-up start. (Fjällström et al., 2009) 

A flexible workforce gives the manufacturer a better possibility to change the production volumes 
after a varying demand. To achieve a workforce which is flexible, multiple barriers might have to be 
managed and analyzed, and one example is the cost of educating the workforce (Jordan & Graves, 
1995). McCune (1994) quoted the Navy veteran Ken Bruder´s description of a flexible workforce 
“when you´re underwater and something goes wrong, you do not have time to go from one end of 
the ship to the other to find the person who´s responsible. Everyone has to be able to attack the 
crisis at hand” (p. 1). Jordan and Graves (1995) defines flexibility as “process flexibility provides the 
ability to change volumes of products produced in response to demand changes, thus, the benefits of 
flexibility can be measured in increased expected sales or capacity utilization” (p. 578). 

It is central that production managers realize the importance of a learning process during ramp-up. In 
the start of a ramp-up process when the volume is at its lowest level it will put high pressure on new 
operators to learn and increase their work speed. This can most likely result in operators taking 
shortcuts in the learning process to increase the production output. If shortcuts are taken the quality 
of the product can be impacted negatively which can be costly for the manufacturer. (Terwiesch & 
Bohn, 2001) 
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The operating managers plan how to set up the process strategy of how to manage an organizational 
ramp-up. This process can be complex if the operating managers lack information or have insufficient 
information. To ease the task, all strategic management decisions done by the production managers 
should consider being influenced by input from the production workforce. Getting input from the 
employees working in the production environment every day can give an advantage. However, to be 
sure the production managers get the timely and accurate information you want the employees to 
be able to think strategically. For the workforce to think more strategically, then education is central 
to ensure that they can deliver relevant data. When this is the case – they can help both the business 
and improve the productivity.  Also, another advantage of an educated workforce is education being 
the most important factor to successfully implement new techniques and routines. (Safizadeh, 1997)  

2.1 KNOWLEDGE MANAGEMENT 
The research area KM has developed to broader subjects from organizational to technical issues 
during the last twenty years. However, still, the main question for KM is how to manage knowledge 
and intellectual assets with the purpose to solve business problems and support organizational 
improvements. (Iacobone, Lerro, & Orlandi, 2012) 

KM has been defined in a number of ways, for example, Teece (2000) describe KM as:“*…+ can be 
used to describe the panoply of procedures and techniques used to get the most from firms’ 
knowledge assets”(p.35). Three main directions in the research have been identified; the first claims 
that KM is mainly an IT issue, the second that KM is a human resource issue and the third involves 
the development of methods to measure and take advantage of an organization's “know-how” which 
will be described later on (Iacobone et al., 2012). 

Another common view is to see knowledge as either object or personified. The first involves an 
attempt to document the knowledge available in the organization and then in a documented form 
distribute knowledge to employees. The second strategy in which knowledge is personified and aims 
to spread knowledge through social interaction between employees. Here the knowledge is stored in 
people and spread through conversations and by involving each other in practice. (Hansen, Nohria, & 
Tierney, 1999) 

In summary, even if there are several definitions for knowledge most of them refer to human 
knowledge and not knowledge stored and transferred through IT systems. To sort out the concept, 
earlier sources of literature are used to understand the basics where the focus has been on human 
intellect. This study will further use the same approach.  

Knowledge has gone from just another resource besides the traditional production resources such as 
raw materials, production labor, and capital to create a core value for companies today. The 
knowledge-worker defined as a worker who knows how to absorb information which can be 
converted into productive use will be an important competitive advantage in a global market. 
(Nonaka & Takeuchi, 1995) 

The concept has been used extensively in the literature, and research and two influential people are 
Ikujiro Nonaka and Hirotaka Takeuchi that developed the concept of tacit knowledge (Anand, Ward, 
& Tatikonda, 2010a; Poell & Van der Krogt, 2003a). Ikujiro Nonaka researched both in knowledge-
based processes and knowledge-based leadership and published in 1986 the article "The New New 
Product Development Game" along with Takeuchi. They described the challenges with accelerating 
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development of commercial products in a globally competitive market and the need for flexibility 
and speed. They described how the old sequential methods would not work effectively anymore and 
introduced a holistic approach with six different characteristics: built-in-instability, self-organizing, 
project team, multi-learning, and organizational transfer of learning, subtle control and overlapping. 
The benefits were considered to be fast and flexible developing processes but also a tool for creating 
change in rigid organizations. (Takeuchi & Nonaka, 1986) 

Takeuchi and Nonaka´s (1986) main idea is that the base is the individual knowledge creation but the 
organizational management and structure will affect both the learning process, knowledge creation 
and the transmission of information from the individual to the organizational. Their theory also 
concluded that personnel in many organizations only achieve a limited learning because of the 
management strategies and structure of the firm (Poell & Van der Krogt, 2003b). They separated 
knowledge in two parts, tacit and explicit.  

 Explicit and tacit knowledge 2.1.1
Explicit knowledge, also called “know-what” is the logical connection and scientific explanations, 
often described as codified and documented knowledge, and it is easy to identify, store, retrieve and 
communicate. The knowledge is expressed in for example words, numbers, codes, mathematical 
formulas and it is the knowledge found in written instructions, diagrams or other visual or oral 
means. (Anand, Ward, & Tatikonda, 2010b) 

Tacit knowledge also referred as “know-how” is difficult to define because it is intuitive based on 
experiences and often depending on the context, and it is mainly transferred through social 
interactions. According to Toom (2012), the concept of tacit knowledge was first introduced by 
Michael Polanyi in 1967 and was described in following way: “we know more than we can tell and 
more than our behavior consistently shows” (p.365). Tacit knowledge is also an element in the 
learning process when a person learns from experience and then applies it (Fang & Road, 2014).  

Tacit knowledge can only be transferred if the people concerned want to communicate information 
and receive information. If a business can use the tacit knowledge, it will apply important knowledge 
to the operational activities that can lead to better efficiency, value creation, etc. For example, when 
a salesperson gets to know more about a customer’s needs, the information can be used to improve 
the offering and the solution to the customer and thereby gain a competitive advantage. 
Requirements to transfer the knowledge are; frequent interactions between the personnel that are 
affected, processes in the organization that motivates the transfer of tacit knowledge, include cross-
functional teams, cooperative norms and planned meetings for the cross-functional teams. (Arnett & 
Wittmann, 2014)  

In conclusion, it is important for companies to understand that knowledge includes a personal part 
that is not valuable to the company if the knowledge cannot be transformed from tacit to explicit 
knowledge (Nonaka & Takeuchi, 1995). 

 Interaction between tacit and explicit knowledge 2.1.2
The two definitions of knowledge are not separate, tacit and explicit knowledge is complementing 
each other. Nonaka and Takeuchi (1995) describe four types of transformation of knowledge; from 
tacit to tacit which is called socialization, from tacit to explicit called externalization, from explicit to 
explicit called combination and form explicit to tacit called internalization.  



 

7 

 

Socialization For example, learning a new job through working together with an experienced 
person and learn by observation, imitation, and practice instead of written or oral 
instruction. This exchange of knowledge would be difficult without sharing the 
experience because it is almost impossible to put yourself into another person's 
intellect.  

Externalization The conversion from tacit to explicit that often uses metaphors, analogies, concepts, 
hypotheses or models. Unfortunately, the transfer is often inadequate but can 
contribute to a shared vision.  

Combination This process is gathering new or existing explicit knowledge, and by combining this 
to a broader system, new knowledge can be created. For example, when a firm is 
creating a new concept by using available knowledge and information along with 
new specifications. 

Internalization Is closely linked to “learning by doing” because it describes the process when explicit 
knowledge is internalized into operational knowledge or for example when manuals 
for machines are learned to become a part of a person’s tacit knowledge.  

When knowledge is undergoing all four modes of knowledge conversion processes, Nonaka describes 
it with a knowledge spiral. He argues that only when both tacit and explicit knowledge interacts, it 
can result in knowledge and development and it is the interaction that creates knowledge in an 
organization. The advantages of the transformations are that it is still relevant and applied in 
different situations and it is simple to understand and apply. A disadvantage is that it fails to address 
all the stages involved in the management of knowledge. (Dalkir, 2005)  

 Barriers for knowledge management 2.1.3
According to Dalkir (2005), it is problematic that many believe it is all about transforming the tacit to 
explicit knowledge and then store the information in an intranet or another form of libraries. This 
does not lead to that the employees automatically use the stored information. There is also a danger 
that too much information is stored, which in turn involves that the intended user cannot handle 
information and the resources become redundant and unused. 

Another disadvantage arises in situations where employees are unwilling to share their knowledge.  
The person who shared their knowledge may fear that he or she can be easily replaced. Another 
aspect is that it is not particularly easy for the employee to describe their work routines. For the 
company, management is central that the knowledge transfer (KT) is successful and if an employee 
quits, the knowledge stays in the company. A natural way to transfer knowledge is when an 
inexperienced employee is working together with an experienced and learn through experience in 
the practical work. (Dalkir, 2005)  

Non-experienced personnel will have a harder time to interpret information than personnel with a 
suitable education (Fjällström et al., 2009). This gives experienced personnel an advantage in 
individual roles, but Fjällström et al. (2009) showed that well-working teams consisting of both 
experienced and new recruits could handle information just as good as the experienced worker 
through good teamwork. 

Jonsson (2013) argues that the concept has been undermined and that the idea behind KM is 
important but the failures have been many and the concept has therefore been weakened. She 
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further says that the reason is that the subject has been used in many different contexts and became 
so broad that KM includes everything and therefore completely lost its importance. Then new 
concepts have been used, which created, even more, confusion when different terms are used but 
meaning the same thing. 

 Form of employments 2.1.4
An employee in a workforce can be contracted in different ways, either as a full-time or temporary 
contract. Different employments can bring both pros and cons to the strategic decision making. 
Temporary contracted workers give flexibility to the quantity demand but lower the flexibility in 
knowledge and skills. A company can never know to for sure that they will be able to hire the same 
consult again, in other words, the manufacturing company cannot count on getting an employee 
with the correct knowledge and skills. If a company wants personnel with higher knowledge and skill 
flexibility, the company can use more full-time employees. However, with an uncertain market and 
varying demand, there is a risk that the manufacturer will have more personnel than needed for the 
market demand. This results in an “over-capacity” and resources not being optimally used. (Tan, 
Denton, Rae, & Chung, 2013a) 

Tan et al. (2013) refer to a model developed by Atkinson in 1984 about full-time and contracted 
workers with the aim of reducing costs from overtime and overheads. However, it also shows the 
complexity of teamwork, job security, and managerial control. This concept would have a small core 
group working full-time being responsible for the main roles in the organization and use the short-
term contracted workers to face new demands. With the uncertainties in the market and demand, 
the manufacturer will probably conduct the short-term employees with less important roles to fill up 
the quantity demand. The ratio between short-term and full-time workers is suggested to be decided 
by the manufacturer since every situation is unique and there is no correct general balance ratio.     

 The relationship between ramp-up and knowledge management 2.1.5
During a phase of ramping up in production, some of the challenges are connected to KM e.g. the 
increasing flow of information and the need for transformation of tacit to explicit knowledge. One 
method within the area is to use an open item list (OIL), which is a tool for project documentation 
that gives the project team an overview of open tasks and responsibilities. It is also proposed that it 
could be useful to include “milestones,” “resources” and “barriers” in the OIL because it can 
contribute to important fields of action after analysis. Another alternative is to use lesson-learned 
workshops with the key persons from past projects where the goal of the workshop is to learn from 
earlier experiences, transfer knowledge and reflect about positive and negative aspects during the 
ramp-up. The workshop can take place just before the ramp-up starts and the result can then serve 
as input for future ramp-up projects. (Heine et al., 2016) 

Using a workshop after a ramp-up is most likely equally important because positive and negative 
aspects of the ramp-up should be collected as close to the event as possible, so valuable information 
is not forgotten. Information and knowledge about the accomplished ramp-up can then be used to 
create more robustness in coming ramp ups and make them even more efficient. 

When ramping-up in an already established and functioning production, there are some differences. 
It may occur more often due to different production rates, and there are not as many uncertainties 
when ramping-up in existing production than for a new product. However, still, extending the staff 
and maybe also the equipment will require a transfer of knowledge.  
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Communities of practice (CoP) are another tool within KM that supports the challenges during ramp-
up (Heine et al., 2016). One definition by Bolisani and Scarso (2014) is “CoPs are groups of people 
who share a concern, a set of problems, or a passion about a topic, and who deepen their knowledge 
and expertise in this area by interacting on an ongoing basis“(p.365).  Heine et al. (2016) define CoP 
as “*…+ refer*s+ to groups of people who interact (through meeting personally or electronically) and in 
doing so share knowledge and learn from each other through interaction” (p.13). CoP is supposed to 
support the transfer and exchange of tacit knowledge by informal meetings for sharing knowledge 
between ramp-up teams and representatives from different phases of the ramp-up (Heine et al., 
2016). 

2.2 COMPETENCY MODELING 
CM is a collective name for a list of attributes combined for a job. The characteristics include 
attributes such as knowledge, skills, abilities and other characteristics (KSAOs). The basic usage of the 
model is to see who it is suited for a task, differentiate the top employees from average employees, 
linked to objectives related to the organization and also used for activities to assist HR systems, to 
see who might need training, etc. (Campion et al., 2011) 

CM is used more often today. It is a strategic tool for performance improvement on both an 
organizational and individual level. It can explicitly display how clusters of knowledge, skills, and 
attributes can improve performance by the use of adequate training, development, performance 
management, and compensation system. (Langdon & Whiteside, 2004) 

The uncertainties and increased competition existing today forces the manufacturers to more 
innovative ways to increase flexibility, cost-effectiveness, and product improvements. Higher 
demand for the workforce to be more flexible and willing to learn new working techniques. Achieving 
a flexible workforce requires employees with multiple skills and knowledge about more than one 
task. (Tan et al., 2013b)  

To deal with organizations’ tougher demands, competency models are crucial. 
The models can be directly translated from goals consolidated by the company 
(Campion et al., 2011; Rothwell & Lindholm, 1999). Meaning competencies are 
central to create value out of resources (Berry et al., 1991). In most cases 
creating value will require multiple skills for the creation especially in a 
production line, which makes the process complex (Campion et al., 2011). 
Koeppen, Hartig, Klieme and Leutner (2008) suggests when making competency 
models, it is vital to reflect and empirically study connections between 
competencies and reasoning skills. By involving both theoretical and empirical 
data in an abductive (more detailed description under methodology chapter) 
way of researching, there is a greater chance of achieving a complete 
competency model (Dubois & Gadde, 2002). 

A best practice how multi-job CM is done by Campion et al. (2011) in three 
steps. First, the skills need to be defined, what type of skills is necessary to able 
to match the organization goals. Secondly, the competence information needs to be stored, handled 
and communicated through right channels within the company. Last the competence model can be 
formed using the information. (Campion et al., 2011)  

Figure 1 - Best practice 
inspired by Campion et 
al. (2011) 
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 Competency identification 2.2.1
First step is to identify competencies inspired by best practice framework from Campion et al. (2011) 
concludes organizational goals and competency definition.  

 Organizational goal  2.2.1.1
For identification of competencies, the organizational goals to be clear. The fundamental purpose of 
CM is to reach the company goals (Campion et al., 2011). Gross (1969) suggests there can be multiple 
types of goals within a company: output, management, motivation, positional and adoption goals. 
Goals can be combined and will most likely change over time, and have management goals to 
enhance the productivity of the workforce. Increased productivity can help achieving an increased 
production rate or lower workforce cost and thereby reach the output goal (Gross, 1969). If core 
processes of the business are not aligned with organizational goals and strategies, the outcome in 
the companies can suffer exponentially (Langdon & Marrelli, 2002). The complexity of a goal will 
depend on the company structure and ambition (Gross, 1969).  

 Competency Definition 2.2.1.2
Competency definition needs to display a name and a detailed description of the skill. In the 
description, to emerge how the competency works in behavioral terms and what levels there are 
within the competency, meaning how well the employee knows the skill. With more and higher 
detail levels of the skill, it will widen the application reach of the skills and possibility to maximize 
functionality. (Campion et al., 2011) 

Koeppen et al. (2008) define competency as: “context-specific cognitive dispositions that are 
acquired and central to successfully cope with certain situations or task in specific domains” (p. 3).  
The quotation means that competence is specific knowledge required for a certain task, what a 
machine requires from its operator to perform. 

Defining what level each person possess are important factors when it comes to CM. The description 
is to describe what competency level the employee is at novice, master, expert, and the level of 
skills, e.g. marginal, good or excellent. (Campion et al., 2011)  

 Competency storage and handling 2.2.2
The second step in Campion et al. (2011) best practice including following sub-subjects: cross-
training, skill-matrix, competency level, communication, and contract.  

 Cross-training 2.2.2.1
Cross-training operators is an alternative term for having a flexible workforce – it means that an 
operator can operate multiple machines by being more flexible and educated (Hopp & Oyen, 2004). 
Campion et al. (2011) refer cross-training by the name cross-job, and sometimes it also goes under 
the label fundamental-competencies. Having cross-trained workers can be beneficial for the 
company in different direct ways, such as cost, time, quality and variety (Hopp & Oyen, 2004). 
Campion et al. (2011) see it more as a necessity to have the two types combined when developing a 
competency model. Urtasun-Alonso et al. (2014) suggest giving the labor force more extensive 
training, compensation, education, and freedom, which will lead to higher motivation among the 
employees which can result in higher flexibility to adapt to changes.  

Lead times and delivery performance can improve by increased flexibility, work speed, setup and 
handoff time. All these factors are supported by cross-training and can, in theory, result in a reduced 
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mean and variance in cycle times. Which leads to reduced lead times and with shorter lead times the 
delivery to customers can be more reliable and therefore higher quality. With cross-training the 
manufacturer’s workforce can have more variety in job tasks, meaning employees can e.g. step in for 
each other on different machines, which makes the production process more robust. It can also 
prevent repetitive work and thereby stimulate the workforce, which can encourage the workforce to 
pick up more skills making them more flexible. (Hopp & Oyen, 2004) 

Hopp and Oyen (2004) imply cross-training can have more indirect effects further than the direct 
effects, which can be the result of implementation of a flexible and educated workforce:  

Learning process  Enables the workers to be more reliable, faster and regular over a longer 
period. 

Communication  Supports the coordination of tasks, making the communication better both 
up- and downstream since workers will have an understanding of the 
production process. 

Problem-solving  A more educated and flexible workforce will ease the problem solving, it 
may facilitate the finding of better working methods, improving team-based 
initiatives and the troubleshooting of quality problems. 

Motivation  Workforce having a larger understanding of the production process can 
result in higher work morale. 

Employee retention  Workers will possess a lot of knowledge and experience, which makes them 
unreplaceable for the company and which results in high job security. 

Ergonomic effect  Higher task variety results in less fatigue, boredom and repetitive stress. 

 Skill matrix 2.2.2.2
A big roster of employees with different competencies and cross-training in the office as well as in 
the production can be hard to track who knows what, who is the right person for the job and who is 
the correct person to ask for information (Parry, Mills, & Turner, 2010). Something called a skill 
matrix, or in other words, competency libraries can be used (Campion et al., 2011). It identifies who 
is most suited and has the right competence for a task. A skill matrix’s basic purpose is to display 
what level an employee’s competencies are at different tasks (Campion et al., 2011; Parry et al., 
2010). The layout can differ from company to company, but the purpose of it remain the same. 

Table 1 - A simplified skill matrix inspired by Parry et al. (2010) 

 

Process (task) 
#required people  

 
1 

 
2 

 
… 

 
n 

Personal 1 4 … m 

XXXX XXXX Primary Secondary … Primary 
XXXX XXXX Trainer Secondary … Primary 
⁞   …  
i j  Primary Trainer … Trainer 
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A skill matrix provides a clear view of what competencies the company possesses and from the 
information management know-how to strategically distribute the knowledge in the best possible 
way to achieve optimal production. Best is to have at least one person per process which has it as a 
primary task. (Parry et al., 2010) 

Campion et al. (2011) imply that a skill matrix makes sure relevant competencies are considered, also 
the competencies will, therefore, be viewed and valued in the same way across the whole 
organization. A well-designed skill matrix can be a perfect support when starting to build a 
competency model. However, it is a risk that employees will not be as committed to a competency 
model if it is only built on the skill matrix. 

Also, a skill matrix will warn the user about weaknesses such as lack of competence in an area. If you 
only have one employee who has process “n” as a primary task – then you could lose many 
efficiencies if this employee got sick and had to stay home. The matrix can thus work in prevention 
for the company to not risk losing efficiency. (Parry et al., 2010)  

 Competency level 2.2.2.3
The meaning of competency level is simple; it means how many types of competencies and the detail 
level of each competency according to Campion et al. (2011). They also suggest it is better to have 
fewer competencies and have these explained in detail.  

The level of a competency describes the complexity of the competency, and it is significant that it is 
well-defined within its domains (Koeppen et al., 2008). Displaying the knowledge for a competency 
would help to avoid educating the employees to be overqualified. The time spent on “over-
educating” personnel can be seen as an economic waste in a tight production schedule, compared to 
if the time instead was spent on educating personnel with lacking knowledge which could be seen as 
an investment.  

 Communication  2.2.2.4
The goal is to reach a communication climate which can stimulate the workforce to work towards 
organizational goals and make them identify themselves with the organization. Information can flow 
both upstream and downstream, meaning the workforce feel that they can communicate with 
managers and vice versa. Managers could give feedback to the employees, how they are performing 
and developing. It is central to have a dialogue in both ways directly and not inexplicit. (Iyer & Israel, 
2012) 

 Application of the competence information 2.2.3
Last step of Campion et al. (2011) best practice is to create a model from the information gathered in 
previous chapters.  

 Modeling 2.2.3.1
The skills cannot be distributed unsystematically in an organization. Hopp, Tekin and Van Oyen 
(2004) and Jordan and Graves (1995) showed similar models how to distribute the knowledge and in 
which best possible way to achieve a robust and efficient production line. 

Jordan and Graves (1995) brings up terms called “no flexibility” and “total flexibility”, both are 
extremes to each direction regarding flexibility. A production line where there is no flexibility means 
that employees can perform one thing and one thing only, which weakens companies’ ability to 
respond to varying demand. Total flexibility equals that every employee can perform every process. 
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Having total flexibility gives the company the advantage of being able to respond to the demand no 
matter what, but educating all the staff on all aspects is not cost-effective for a complex operation.  

Jordan and Graves (1995) demonstrates a calculation example in their scientific article, displaying the 
utilization rate at no and total flexibility. No flexibility gave 85.3% and total flexibility resulted in 
95.4%, what companies want to achieve when working with flexibility is to end up as close as 
possible to the total flexible utilization rate in a cost-effective manner. The authors pinpoint to obtain 
the characteristics of total flexibility can be done with little flexibility if the modeling is done in a 
correct way.  

A flexibility chain is a type of flexibility, and it means that all processes in the value chain directly or 
indirectly are linked to each other (Hopp et al., 2004; Jordan & Graves, 1995). With all production 
processes connected it is easier to 
smooth out the production demand. 
If a process in the start has less 
demand, they can send workforce 
one step up. The next step can do the 
same if the extra workforce is not 
needed. This “chain-reaction” will 
float to the place in the value chain 
with more desire for human 
resources, and this enables 
companies to deal with a shifting 
demand in the processes (Jordan & 
Graves, 1995). If the demand is higher 
in the whole value-chain and the 
current workforce is not enough to 
match the market demand, new 
recruits will be required.  

Returning to the calculation example 
Jordan and Graves (1995) performed, 
where a chain-production line´s first 
step is connected to the second 
step, the second step to the 
third step and so on, ending 
with the last step connected to 
the first step. Resulted in a 
utilization rate of 95%, which is 
0.4 percentage from the total 
flexibility utilization rate. 
Therefore this option is the 
obvious alternative since it is 
more cost-effective than total 
flexibility.  

The best choice is to create the Figure 3 - Two-Skill-Chain inspired by Hopp et al. (2004) 

Figure 2 - 1 chain and 3 different chains, inspired by Jordan and Graves 
(1995) 
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longest possible chain, including as many steps as possible. Having smaller groups with multiple 
chains will directly affect the utilization rate negatively compared to having all linked together, but 
not going below no flexible utilization rate. Jordan and Graves (1995) compared five small chained-
flexibility groups with the one-chain strategy, which resulted in a utilization drop from 95% to 92.9%. 
It is important to keep in mind that these problems are done within the theoretical frameworks with 
perfect conditions, compared to the real world where constraints and aspects could distress these 
numbers tremendously.  

Hopp et al. (2004) proposed a similar model for CM, and the method is a two-skill chain (2SC) (Figure 
3), where the employees learn two steps – it could be either downstream or upstream. 2SC works 
effectively in systems with either low work-in-progress or high variability, and it also lets the 
bottleneck workers practice other non-bottleneck stations. Implementation of 2SC shown in a real-
world system with ten workers and eighteens skills could achieve a throughput increase of 17.8% 
with no change in work-in-progress level.  

 Maintenance 2.2.3.2
Over time many aspects of the competency model might change, as organizational goals, 
environment, and language. Considering a number of resources put into developing and 
implementing a model it is important to work with maintaining and updating the model. The model 
conditions will be unique for companies, some will be needed to update every week, and for others, 
it will maybe take years between the updates. (Campion et al., 2011; Marrelli, Tondora, & Hoge, 
2005) 

Marrelli et al. (2005) suggest that a schedule has to be upheld to review the model. If minor changes 
to the job, the model can be updated by using interviews, surveys and other methods presented 
under “Method of Identification.” For major changes, the whole process might need to be reviewed.  

2.3 CONCEPTUAL FRAMEWORK 
The literature framework can be described with following concepts and all empirical findings will 
focus on the same theories.  

Knowledge Management    Competency Modeling 
Tacit knowledge      Organizational goals 
Explicit knowledge     Competency definitions 
Transformation of knowledge    Cross-training 
Employment form     Effects 
       Skill-matrix 
Ramp-up Management     Competency level and communication 
Flexibility      Skill-chain 
Ramp-up      Modeling 
       Maintenance   
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3 RESEARCH METHODOLOGY 
This chapter describes how the research strategy was constructed, which advantages it gave the 
study. It also displays what data collections were essential, how the data analyze was executed and a 
quality discussion to ensure the value of the research. 

There are multiple research designs to choose from when making the problem statement 
researchable. Research designs purpose are to provide the researcher with correct data to solve and 
discuss the problem at hand, i.e. what empirical material will help in the process of comprehending a 
phenomenon (Blomkvist & Hallin, 2014). This degree project is a qualitative case study and used an 
abductive methodology. Three cases were used to identify how the dilemma worked in the real 
world. Figure 4 shows the process scheme of the study from start to finish. 

3.1 ABDUCTIVE METHODOLOGY 
Abductive approach was picked partly because the study area was not fully explored and to keep the 
study open for new directions, therefore it was suited for the purpose of the study. Because if the 
approach had not been open for new theories, it could have led to several central facts being missed. 
It was also the most relevant way forward since it was unknown what theoretical data was necessary 
to match or support empirical evidence. The study, 
therefore went back and forth between theory and 
empirical data. 

An abductive approach is a combination of an 
inductive and deductive method. Figure 5 shows the 
fundamentals how those two approaches work in 
theory. First, the study used the deductive approach 
and then the inductive approach when new empirical 
findings might have to be complemented with a 
theory that has not been studied yet.  

Abductive methodology design involves switching 
multiple times between theoretical data and 
empirical material (Blomkvist & Hallin, 2014). Dubois Figure 5 - Inductive and Deductive methodology (own) 

Figure 4 - Methodology scheme inspired by Blomkvist and Hallin (2014) 
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and Gadde (2002) suggested that going back and forth between 
research activities enabled the chance of greater understanding.  

3.2 QUALITATIVE STUDY 
The study used a qualitative research strategy because the purpose 
of the study was to describe how CM and KM can support an 
existing complex production ramp-up. Qualitative studies origin 
from the inductive approach where it used more social in-depth 
data (Bryman & Bell, 2011). It is usually associated with interviews 
and observations as data collection methods (Blomkvist & Hallin, 
2014), using words over numbers (Bryman & Bell, 2011). A quantitative research design is reversed 
to the qualitative study. It uses data collection methods as surveys, experiment and statistical 
methods (Blomkvist & Hallin, 2014) and is based on the deductive approach (Bryman & Bell, 2011). 

Dubois and Gadde (2002) spoke of a term called systematic combining. It is a nonlinear process 
where theory is matched to reality. The basic idea of the matching is to go back and forth between 
frameworks, analysis, and data to make the theory fit the reality. However, it is crucial not to force 
the data to fit. The two categories of data that could be found were either passive or active. Passive 
data is information which the researcher is set out to locate at the start, and active data is associated 
with the discovery of new theories. The combinations of the two give a more convincing and 
accurate study (Dubois and Gadde, 2002). 

Starting with a broad literature study was important to not miss relevant theory. Since the empirical 
collection was based on concepts gathered from the theory. It resulted in the empirical findings 
leading to new theories that were not already studied. Also, it gave a more efficient working process 
between theory and empirical findings. With iterative steps, theories that showed not to be useful 
for the study could be removed.  

To make sure and check the quality of data gathered from the main case two reference cases were 
used, both to confirm and contradict the information gathered. This helped to increase the 
generalizability of our study. However, at the same time, it was kept in mind that the reference cases 
were not as profound.  

3.3 CASE STUDY SELECTION 
The fundamental of case studies is to provide researchers with the unique opportunity to develop a 
theory by combining it with in-depth insight from empirical info (Dubois & Gadde, 2002), to fulfill the 
purpose of the study. Case data can consist of both numbers and text, i.e. what data gathered is not 
important, instead, it is important to validate how and why different collecting methods have been 
used (Blomkvist & Hallin, 2014). In this study, the case studies provided information on how CM and 
KM practically contributed to a company and its production processes. One off the cases was the 
main case where most of the interviews and observation were held. The other two served as 
reference cases and made it possible to verify if they shared the same view and to see if a problem 
were universal, or if it was unique to the company. Following cases were studied: 

•    ABB Machine, Västerås – main case 

•    Volvo Group Trucks, Köping – reference case 

Figure 6 - Abductive Methodology (own) 
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•    Scania Transmission, Södertälje – reference case 

Two reference cases are to complement data from the ABB Machine case. The reference cases aim to 
build further knowledge around complex production ramp-up and to be able to see the general 
trends and what is specific for ABB Machines. Both reference cases are similar to ABB Machines with 
complex manufacturing production with long learning curves for the employees.  

In the table below are case respondents position and codes from the cases are presented, which will 
be used later in the material to show quotations. First twelve respondents are from ABB Machine, 
and last two are Scania or Volvo.  

Table 2 - Interviewed Personnel at all the cases 

Respondent Position                                                       

PL1 Production Line Manager 
PL2 Production Line Manager 
PL3 Production Line Manager 
PL4 Production Line Manager 
PL5 Production Line Manager 
PC Production Chief 
PM Production Manager 
PW1 Production Worker 
PW2 Production Worker 
PW3 Production Worker 
PW4 Production Worker 
PW5 Production Worker 
RC1 Reference Case 
RC2 Reference Case 
 

3.4 DATA COLLECTION 
This study has used literature search, semi-structured interviews, and observations for data 
collection. These presented separately in the following chapter.  

 Literature search 3.4.1
To find data and information for the literature study, search engines as Primo and Google Scholar 
were used to find relevant academic journals and articles. Peer-reviewed articles were used to make 
sure that experts in the field have reviewed the contents. Only a few books were used, and these 
have been the origins of books in the field to ensure that the source of information and the content 
has been widely recognized. These books were also compared with later published material to make 
sure the relevance and quality.   

Keywords used: ramp-up, flexible production, knowledge management, competency modeling, 
flexibility, competence, production trends, HR in production, HR-methods 
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 Semi-structured interviews 3.4.2
The idea behind choosing interviews is to learn how individuals think about different problems and 
also bring up the chance of new dimensions to the phenome (Blomkvist & Hallin, 2014). Bryman and 
Bell (2007) derives interviews into two main categories, structured and qualitative interviews. 
Structured interviews are similar to surveys. The interviewer asks each respondent the same series of 
questions, and there are few open-ended questions.  

A qualitative approach has less structure, and it lets the interviewer go deeper into questions which 
can give more detailed data. For that reason, qualitative interviews were used for data collection in 
our study.  

Qualitative interviews are defined by the following characteristics: 

x less structure 
x emphasis greater generality 
x allows personal views 
x interviewees gets to present what they think is important and relevant 
x no specified order on the questions 
x flexible. 

Qualitative interviews can be divided into two sub categories, Bryman and Bell (2007) title these 
semi-structured and unstructured. The difference between unstructured and semi-structured is that 
unstructured interviews are seen as a normal conversation, and semi-structured as an interview with 
some specific topics that can be answered in multiple ways. Semi-structured is also suitable to use to 
compare data, it keeps the data similar and thereby a comparison is easier to make (Bryman & Bell, 
2007). It also tolerates greater flexibility in approaching respondents uniquely and still getting all 
relevant information desired (Baharein & Noor, 2008). 

In this study, semi-structured interviews were used, because of its advantages. Partly because it 
allows for greater generality and to enable general conclusions through comparing the main case 
with the two reference cases. The semi-structured approach was also central to keep the interviews 
within the study frame to ensure that the interviews did not end up in subjects irrelevant for the 
study. However, as an interviewer sometimes it was best to let the interviewee finish talking about 
subjects that were not directly connected to the study because in some cases it was important to get 
a broad set of aspects. Getting every aspect how and why things work, gave a much greater 
understanding of how things worked and it was also necessary for the abductive approach of the 
study.  

Semi-structured interviews were the first data collection step in the study. The number of interviews 
depends on the quality, the relevance of the information and how comprehensive the answers are 
from the interviewee (Blomkvist & Hallin, 2014). According to Kvale (1996), a sample size for a 
qualitative research could include 5 to 25 respondents. The guideline is to achieve empirical fullness 
where interviews do not contribute with more relevant information (Blomkvist & Hallin, 2014). As a 
quality check several persons of each role was questioned, and when their answers did not 
contribute with new information could it be concluded that an empirical saturation was achieved.  

Twelve interviews were held with personnel at the main case company. Staffs with different 
experiences were interviewed to collect various aspects. The desired outcome which also Blomkvist 
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and Hallin (2014) confirmed is to see comparable responses between informants and consistency 
between different interviews.  

The aim of the interview questions was to describe the current status, previous experience and 
desirable improvements connected to the research question. To ensure that the respondent did not 
misunderstand the questions, the purpose of the interview and an explanation of the research 
question was explained at the beginning of the interview. During the interviews, further explanations 
were given when necessary. To document every interview a voice recorder program was used, and 
before an interview started the interviewee was asked if it was ok to voice record the conversation. 
When the interview was over, it could be transcribed for later usage. 

In the theoretical framework, different theories of CM and KM are presented and summed up in 
chapter 2.3. These had to be discussed or taken into account when performing interviews. Every 
question was therefore categorized and operationalized, to make sure there was a close connection 
between the data from interviews and data from the theoretical chapter. Depending on what role 
the interviewee had, different questions were used. Core questions are utilized for all interviews, and 
there are different questions for production managers, production staff, and reference case study.  

The interview format directed towards production managers focused more on a matter regarding the 
management of ramp-up, staff questions and strategic decisions on competencies. How these 
matters are accomplished today, but also how and if they supported manufacturing ramp-ups. 
Questions directed towards production staff specialized more into practical questions, how they 
experience ramp-up in production and possible improvements. Questions for the reference cases 
was similar to questions to production managers since they have a similar role within the companies. 

Table 3 - Interview questions 

Nr Question Conceptual framework 

 Core questions  
1.  How is ramp-up handled today? Ramp-up 

2.   Which are the most critical parts for ramp-up? Ramp-up 

3.  What do you think is the key improvement for a better 
ramp- up? 

Ramp-up 

4.  What do you think about the flexible workforce in the 
production? 

Flexibility 

5.  What is your experience of rotation and what are the 
results? 

Knowledge transfer, cross-
training, modeling 

6.  How do you proceed to train new employees? KT, explicit and tacit KM 

7.   What goals do you have? (e.g. production goal and flexibility 
goal) 

Organizational goals 

8.  What skills are needed today to achieve the goals, are there 
any goals related to competencies? 

Organizational goals, 
competency definition 

9.  How are the employee’s attitudes towards expanding their 
knowledge skills? 

Tacit KM, KT 
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10.  Would goals contribute to better cross training?  Cross-training, 
organizational goals 

11.  What effects (direct and indirect) do you see of cross-
training? 

Effects 

12.  How can maintenance activities keep competencies up to 
date? 

Maintenance 

 Special questions for production manager/production 

leader 
 

13.  What do you think of the time that is specified in the skill 
matrix, is it updated? 

Skill-matrix 

14.  What is the proportion of consultants / own staff in the 
current situation?  

Employment forms 

15.  How are skills managed today? E.g. how is the knowledge 
stored and how is it ranked? 

Skill-matrix, KT, competency 
level and communication 

16.  How are the competence model and the results of it 
communicated to the employees? 

Competency level and 
communication 

17.  In what situations are consultants to prefer over full 
contracted v.v.? 

Employment forms, effects 

18.  How do you strategically place different competencies on 
different workstations? 

Skill-chain, modeling 

 Special questions for production staff  
19.  What do you think of the time that is specified in the skill 

matrix, is it updated? 
Skill-matrix, KT 

20.  How do you experience the company working with 
development of skills, sharing information and 
requirements regarding competencies? 

Competency level and 
communication, explicit KM 

 Special questions for reference case study  
21.  What is the proportion of consultants / own staff in the 

current situation? 
Employment forms 

22.  How are skills managed today? E.g. how is the knowledge 
stored and how is it ranked? 

Competency level and 
communication, KT 

23.  In what situations are consultants to prefer over full 
contracted v.v.? 

Form of employment, 
effects 

24.  How do you strategically place different competencies on 
different workstations? 

Skill-chain, modeling 

   

 Observation 3.4.3
Observation methodology is a data collection tool suited for investigative questions; in this study 
how the workforce has been educated. The tool is simply to observe and document what is 
happening, behavior plus action among people and groups (Blomkvist & Hallin, 2014). It can also be 
used to complement with information that was not obtainable through interviews (Baharein & Noor, 
2008).  
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The observer can take different types of involvement roles when observing, e.g. a participating 
observer who works and observes at the same time. The most common and traditionally used 
method is to shadow a person or object. (Blomkvist & Hallin, 2014) 

Bryman and Bell (2007) explained Gold´s model from 1958 which defines the different types of 
observers similar to Blomkvist and Hallin (2014). They define the different observing categories: 
complete participant, participant-as-observer, observer-as-participant and complete observer. The 
different roles have both advantages and disadvantages. Complete observation can result in a lack of 
social aspect understanding. Instead, it let the workers perform their tasks in a standard manner 
without disruption by the observer. (Bryman & Bell, 2007)  

In theories from literature, everything was basic and straightforward. The observation was, 
therefore, a useful tool to expose the complexity that cannot be found in a document or data that 
were obvious for the interviewee but not for the interviewer. Data from interviews were most likely 
to be specific to the case and therefore using observation can lead to a more non-specific perception 
of the process, to increase the generality of the study.  

Optimally for the study would have been participation combined with observation, that would have 
given us personal experience on the training and knowledge sharing. Due to the limited time for the 
study and the complexity of the work tasks it would not be enough time to perform an observation 
properly. Therefore complete observations were used to confirm or contradict the information 
withdrawn from interviews. The observations were made on both the main case company and one of 
the reference companies to ensure that they had similar production and therefore comparable 
responses. However, an observation could not be performed on one of the reference cases due to 
the distance. 

3.5 DATA ANALYSIS  
 

All qualitative data collected was analyzed with a thematic approach. The reason for using a thematic 
approach for data analysis was to approach the data in a structured manner. There are other 
methods that would be suited as well for analyzing data. Analyzing without structure would increase 
the risk of less understanding of the data and harder to systematically combine theoretical data with 
empirical data.  

All transcribed material is put into a computer software called QDA Miner Lite. In the program 
keywords, fragments, and sections are coded from the conceptual framework that was concluded in 
theory. All specific coding can be seen at the end of this chapter. The coding was then compared to 
see if concepts could be found. However, also new potential theoretical findings were coded so that 
the abductive study approach could be applied. With the new discoveries, the theory could be 
confirmed leading to more findings which required more data from interviews or observations. This 
process continued until to no more findings could be found on either side, and it could be concluded 
that theoretical saturation was achieved.  

When the theoretical saturation was achieved, the analyzing process began. Both KM and CM was 
analyzed separately in order not to mix data. That way it displayed how they separately answered 
the research question and the discussion chapter displayed how they together responded to the 
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research question. There is also a ramp-up management category with codes, which are used to filter 
away unnecessary data, in other words, data not matching the coding are irrelevant for the study.  

Ramp-up management  Knowledge Management  Competency Modeling 
Key improvements  Consult/Internal resource   Competence matrix 
Crucial factors   Knowledge transfer   Cross-training 
Rotation   Tacit     Effects 
Flex (rotation between units) Explicit     Goals 
Ramp-up   Documented information  Maintenance 
Flexibility   Training     Modeling 

3.6 QUALITY OF METHODOLOGY 
The quality of the study was checked by four indicators mentioned by Guba (1981): truth value, 
applicability, consistency, and neutrality. These aspects were used to assess the degree to which the 
results represented a credible interpretation of data. This study is qualitative, and therefore this 
chapter will focus on credibility, transferability, dependability and confirmability.  

Credibility (truth value) 

x Earlier experience lies within technical, economic and management subjects from the 
academic world without practical knowledge in the selected industry.   

x All interviews were voice recorded and thereafter transcribed, to reduce the possibilities of 
misunderstandings. 

x Multiple interviews with personnel working in the same area will help in not missing any 
important data, and to avoid lack of quality.  

x Usage of three different data collection tools. 
x Comparing the main case data with data from reference cases, but having one profound case 

and comparing it to cases that was not as deep, may have affected the credibility of the 
study. 

x Participants in the interviews were all selected from relevant positions in the value chain. 
x Usage of a well-established data analysis methodology.  
x All theory used for the study is peer-reviewed or originating source for further studies. 

Transferability (applicability) 

x Theory that is peer-review had a part in the study and thereby increased generality of the 
result. 

x Using data from successful reference case studies increased the generality of the result. 

Dependability (consistency)  

x The framework of the study applied to human factors and is therefore applicable no matter 
time. 

x The result could vary due to different personnel views and at different period of times, e.g. 
someone had a stressful time at the same time as the interview, it may have affected the 
data. 

Confirmability (neutrality) 
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x Keeping all data in a general perspective and not interpreted data specific just for this case. 
x Continuous conversation and discussion regarding collected data helped in the interpretation 

of data and reducing personal values. 
x Usage of multiple data collection tools. 
x Usage of multiple case scenarios. 
x Usage of systematic combining. 
x Academic supervisor and peers gave a third and independent view of the study and thereby 

reducing personal options further. 
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4  CASE STUDY FINDINGS 
Following chapter will display all results gathered from interviews and observations from three 
different case studies. The result here is later used for the analyzing chapter.   

4.1 ABB MACHINE - VÄSTERÅS 
The main case study was performed at ABB Machines in Västerås, which is a part of the division 
Robotics and Motion. Machines produce about a 100 machines or generator per year. They deliver 
their products to marine, wind power, hydropower, coal, oil, gas, and power generation segments all 
over the globe. The interviews with production workers were done at one of the seven production 
units in the factory. This unit is called MP8 and manufacture stator coils for both motors and 

generators. The manufacturing is a long and complex process with several steps. Figure 7 shows the 
production flow at MP8.   

At the time of the study, the unit was operating with two-shift with about ten workers per shift, one 
morning shift, and one afternoon shift. All the stations are different and require a different set of 
skills from the workers. Each machine has different learning curves and different “skill steps”.  

 Ramp-up 4.1.1
A cost-effective ramp-up should first consider using internal resources and when those are not 
enough external resources are used. In the past the market was viscous, and it was easier to face 
ramp-ups. Today everything is much more dramatic, and all changes happen faster, which means 
that everyone in the organization has to be ready.  

ABB Machine has a tool (a group of people) called SVP (a sales operation planning). The SVP is used 
since 2005 – it is here management get the first indication of production ramp-up. The purpose of 
the tool is to make sure the whole factory can ramp-up at the same rate, and it also enables 

Figure 7 - MP8 Process Flow (own) 
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communication and teamwork between departments. During an SVP meeting, the group of people 
works with the forecasts from sales. It is the manufacturers master planners task to see if the 
projections are feasible for the departments. For the production capacity to handle a higher working 
speed, then it is also wanted from the construction, project management, electrical design, sales, 
and purchase departments. From a purchaser perspective, you overlook the suppliers’ capabilities, 
and the sales department prioritize the different orders. All these factors are discussed and checked 
at the SVP meeting. It overlooks forecasts eight quarters into the future. For the coming months, the 
managers have a quite good overview of the situation, whereas the situation more than one year 
from now is more unclear.  

All orders can be seen in a tool called QlikView, which imports data from SAP. The QlikView tool 
shows how much active working time is required for products during a specified period. For example 
2000 hours during a 20 days period. From the data, the production line managers and planners can 
plan and estimate how much personnel are required. If more staff are desired at one of the 
departments, the first step is to try to solve it internally with personnel from other production 
departments. If no internal solution can be found, hired staff (consultants) is the answer. When 
hiring consultants, a KBA (Consultant Need Declaration) form has to be filled in, and this is sent to 
next level of management in the organization to be approved.  

 Knowledge management 4.1.2
Because of the complexity of the production, workers have a high level of expertise, strong 
professional pride, high average age and many years in the industry. They work with a broad range of 
tasks, and the learning curves vary from about one month to several years depending on department 
and operations. To handle variations in production or increased needs the company normally uses 
consultants. All these aspects affect the transfer of knowledge and are therefore essential for a 
functioning production. It is important that new consultants receive a proper introduction and that 
knowledge is retained within the company. With a successful transfer of knowledge among 
employees, it is possible to reduce the vulnerability compared to when there are several operations 
that only a few people master. 

 Explicit knowledge 4.1.2.1
Documented knowledge that is available at MP8 is the skill matrix posted on boards at every 
production unit. It makes it possible for everyone to see what skills that is available among the staff 
and it is updated every month or whenever there is a change.  The competence matrix is checked by 
the production manager at the PDA meetings (personal development assessment) if the employee 
still holds the knowledge or the matrix might have to be revised. However, today they do not get any 
time for training, and therefore there is no need for changes in the skill matrix.  

Another problem raised by a production manager is that the production unit often is late compared 
to the plan, this means there is no time for training, and instead focus are on producing. The goal is 
that the skills matrix can be used during the PDA meeting to create a discussion on what the 
employee can learn in the next step. It is also used to identify the strengths and weaknesses of each 
department i.e. if there is any lack of competence. 

Operational Description (OB) is written instructions for each operation that is available at each 
workstation. When a new employee begins, they first get general introductory material and a mentor 
that will guide and provide practical information. Further written information is the general safety 
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instructions, the general regulations, and the section specific instructions. However, it is unclear to 
what extent and when these are used. 

 Tacit knowledge 4.1.2.2
The experienced based knowledge or “know-how” is fundamental for the production at ABB 
Machine. All staff shares the same view that production is dependent on the expertise within the 
company and that the individual's inherent knowledge are crucial. However, at the same time, 
several of the interviewees feel that few have a broad spectrum of knowledge especially for the 
more difficult work tasks, and it is desirable that more staff broaden their knowledge. There are 
several operations that only a few people master and if an employee is sick during a longer period or 
quits there is no back-up in the current situation.  

The definition of tacit and explicit knowledge is not something the company use, but the scientific 
terms explain and describe the underlying relationship between different kinds of knowledge. In this 
study, it will help us to account for the nature of knowledge and why it is an important aspect during 
ramp-up. 

 Training 4.1.2.3
All new personnel gets a mentor when they start. In nearly all cases, the new employee does not 
have any prior experience because it is a special form of a manufacturing process that takes place. 
One production worker thinks it is an advantage that everyone understands what it is like to be new 
because everyone has been in the same position. The staff connected to MP8 has created a system 
for the training where a person, responsible for quality will be the mentor for the new workers. At 
MP8 they have working stations with both machines and manual work, and the routines for new 
employees are that they start their training at the station for hand isolation. The reason for that is to 
create an understanding of the material and what is important concerning quality at the other 
workstations for the final product. This understanding is vital to have for further competency 
development.  

The looping machine is the working station most easy to learn since the mentor also can participate 
and produce which is not possible on the other workstations. The hardest part to learn is how to 
change the set up for the machines and in particular for the spreading machine. The set-up occurs 
when production shifts between different products. For the spreading machine, it means changing a 
large number of parameters, and if it goes wrong, then the stator coil has to be discarded. As this 
does not often happen, the employees will not have so many chances to train how to do the set-up.  

How long time the training will take is dependent on the person, and therefore it was difficult to set 
any time frame for how long the training will be. For MP8 it is the same person that is a mentor for 
the new staff, and PW4 describes the process as: 

Step 1 After the general introduction and practical information, the training starts with 
information about the specific working station. He shows how to do one stator coil 
when the recruit is watching.  

Step 2 The second stator coil is done by the recruit, but the mentor explains how to do 
every step.  
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Step 3 Gradually, as the new employee gets better and better, the mentor chooses to 
exclude information. When the new employee no longer asks questions about what 
is the next sequence, usually the mentor stand beside the recruit one more day. 

Step 4 He introduces the OB first after one or two days of practice because it is hard to 
understand them and it is easier when you can relate theory to practice. 

Step 5 Next step is to let the new employee work alone but with the mentor working in a 
nearby workstation, so it is easy to ask questions if needed. 

“I usually have training first, and after a day or two, then they get the operational 
description, and the pieces will fall into place. You get a flash back and can relate 
theory to training. That is how I like to deal with instructions; you do not need an 
instruction when you have a coach because the coach is the instructions. It has been 
much faster to learn this way.” (PW4, 2017) 

PW4 talk a lot about how important it is that the training is done by the mentor and has to be 100 % 
available because even if everyone does the same thing, there are different variations on the 
procedures. If the mentor has other things to do, there can be a risk that new employees are told 
several different variations in operating procedures by the other employees, which confuses the 
learning process.  

“I am usually careful to say to those I teach that we start with my way, but then when 
you know the routines if you then feel you want to do otherwise and it works and 
gets good - go ahead. Basics first then you can adapt.” (PW4, 2017) 

 Form of employments  4.1.2.4
When working with the staff solutions in front of a ramp-up, the knowledge that is invested in new 
employees is an important matter. Investments into deeper education are mainly done with full-time 
personnel than short term hired personnel.  

ABB Machines only have permanent employees, but that is an outcome of the market slowing down, 
earlier with strong market consultants were used together with permanent employees. In a future 
market upturn, the same strategy will most likely be used with consultants. The respondents in the 
interviews see a lot of pros and cons with that strategy. PL4 thinks “it is desirable to have some 
consultants but most of our personnel are permanent employees then much knowledge disappears 
during the ramp-down.” 

One important part of using consultants during ramp-up is that if or when the production goes down 
they only have two weeks of notice. Therefore, it is possible to use consultants as a “rubber band” in 
the organization when the production varies. For the permanently employed the company has to 
find other solutions when production goes down. For example, they can be lent internally at ABB 
Machines or to the other production units in the same division. This study focuses only on the ramp-
up, but the ramp-down will influence the choice of employment and the conditions for a ramp-up.  

A problem that is mentioned in almost all interviews with the production line managers is the time-
consuming hiring process of new staff regardless of whether it comes to hiring a consultant or a full-
time employee. The process requires approval higher up in the organization of four different people 
and often the final approval is made at the last minute. First, after an approval, the production line 
manager can start searching for a candidate and often they do not have time to search for 
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candidates that have been working in the manufacture earlier. The timeframe for hiring a new 
consultant is four to six weeks and for a full-time employee six months without including time for 
training. Other aspects that have been mentioned during the interviews is that it is hard to get back 
the consultants that have been working at ABB Machines before. Even if ABB Machines give the 
consulting firms, wish-lists and many consultants say that they enjoy working in the company about 
20% come back. PC (2017) comments the difficulties as: “competencies come and go, that is the 
problem. We have not been able to get back exactly the consultants we wanted. Then it would be 
easier to be able to step up in capacity.” 

“Above all, I think we act too late. We are not ready when the ramp-up phase is 
initiated because it is at that point we start hiring people. We need to prepare in time 
with the training of both internal resources and consultants. That is something we 
need to be better at, and we must start the process for training earlier and not end 
up in the same critical situation every time.” (PL5, 2017) 

 Competency modeling  4.1.3
The empirical findings regarding CM will follow the same frameworks as in the literature study.   

 Identification 4.1.3.1
Just as mentioned in chapter 2.2.1.1 to have a fully working competency model, goals are essential to 
use. At ABB Machines there are some goals on both for the factory manufacturing and personnel. All 
goals are underlying sub-goals to the goal of delivering quality products in time to the customers.  

The products require an estimated number of active producing hours. Production line managers have 
the production aim of matching active working hours per period to the value given to produce the 
products. Regardless of sickness or overcapacity of personnel, matching of these hours is important. 
If illness occurs, staff is to be added to the workforce either internally from other production units or 
externally with new recruits. With overcapacity as a problem production staff has been lent out to 
other production sections not to lose productivity.  

There is a flexibility goal measured every month, and the goal is to “flex-in” 10% of the active 
working hours per month. The number 10% is taken out of the blue but is set rather high to promote 
the movement of personnel between units and thereby increasing the flexibility for the future. The 
reason for this is that the personnel sent out has to be productive at the new unit. Otherwise, the 
production line managers could lend out staff with no competence just to reach flexibility goal for 
their group. This forces production line managers to have more communication and teamwork 
among themselves.  

On a personal level, there are individual goals for the staff. The goals mainly refer to competence 
development and are formed during the yearly PDA. During the PDA the production line manager 
and production worker look at the competence matrix together and checks for possible development 
the coming year. Here there are different opinions; some think it is the production managers’ 
responsibility to make sure the worker expands his or hers competencies, others believe it is a shared 
responsibility. However, in the end, it comes down to the personality of both the manager and 
worker and if the scope of development is feasible. Production line managers could help to push staff 
towards new limits; it could be to learn a machine more in-depth or go to another production unit 
and learn new skills.  
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The products from ABB Machines have been generators and engines for many years. Also, the range 
of products has not changed. Combined with the fact that most the production staff have worked in 
the factory for several years, and know well what is required of them, identification of weaknesses, 
and skills desired for a production ramp-up is well known.  

 Handling 4.1.3.2
There are employees at MP8 with long experience within the production unit, and the average age is 
rather high. Some workers possess a comprehensive register of competencies and education in 
different production techniques; others have worked at the same working station for several years 
and developed an in-depth knowledge of that station. It is important to strategically distribute the 
workforce competencies, e.g. not using two inexperienced workers for a central workstation. They 
use a competency matrix to keep track of all different skills and the level of each employee's skill at a 
station. It is the production line managers’ responsibility to keep track and update the matrix. Each 
worker is graded from 1-3 and T, depending on their skill.  

1.      Worker lack competence how to operate the machine. 

2.      Worker is independently operating the machine but cannot change the setting of the 
machine. 

3.      Worker can both independently operate and change settings of the machine. 

T.     Worker can both independently operate and change settings of the machine and also in an 
educational manner transfer knowledge to new adepts. 

Competence handling is a central factor since investing education in staff that risk leaving in the 
future is not desirable. Usually, when hiring consultants, these are just educated to a skill level of 2, 
since the consultants’ future at the company depends on order income.  Fewer orders equal less 
production volumes and most likely means that the consultants should consider moving on. With the 
knowledge of not knowing if it will be possible to hire the same consultants when orders go up again, 
the general decision is to not invest extra training in a consultant to reach level 3 in the matrix. 
Sometimes this is not the case due to lack of full-time employees, and then additional educational 
training could be needed. However, a general guideline is to educate personal with a long-term 
perspective. Training personnel with just a few years or less to retirement to highest skill level would 
not be optimal.  

Today the production units have their individual skill matrix. A few years ago, there was a merged 
version where all staff competencies were noted.  A merged version enabled the possibility of 
identifying threats and weaknesses for the organization instead of just the production units. The 
reason for the merged version was to get a better overview of the staff. For example, if a worker 
listed for MP8 has experience from working at another unit, he could only be tracked by checking 
MP8’s skill matrix.  

Since the personnel at ABB Machine are experienced, and many have worked there for several years, 
the merged version is not used since it required a full-time person for administration. The drawback 
is that a novice and unexperienced production line manager will have a harder time identifying the 
cross-spread skills. Production chief mentioned in the interviews that after a few year experience 
without the merged matrix, that the merged model would give better support than the current ones.   
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Within the organization, there are two different terms regarding various competencies; rotation and 
flex. Rotation is within the production unit, and flex is when a person is lent out / borrowed to/from 
another production unit.  

At the moment both shifts at MP8 are working on a rotating basis, meaning swopping working 
station every two weeks. Historically, working with rotation has been tried many times but have 
never been successful, mostly because workers opposed the idea of rotating. There are some 
thoughts why people oppose to the idea and PL3 (2017) thinks “*…+ people are stuck in their 
professional role, it is deep-rooted. It has started to loosen slightly, but the professional roles inhibit 
the flexibility.” Another opinion from PC (2017) is that the workers might have too much 
responsibility: “today there is a high average age, and we have a lot of special individuals, *…+ with 
great work pride and many years in the business. That has made us too kind and letting the staff get 
more responsibility. There is varying outcome how they manage the responsibility, *…+”. 

Production and order income for ABB Machine has been reduced by approximately 50% over the last 
decade. This leads to the final opinion why people oppose the idea of flexibility and rotating: 

“Back when people were not afraid of losing their work tasks because there was no 
time for analyzing the “little stuff.”  Today there is, which makes people insecure and 
makes them feel more challenged, resulting in them wanting to protect their work 
task.” (PC, 2017)  

Now the workers are keener to rotate, and there are more acceptances towards the idea of 
switching which makes the implementation of rotation smoother. To keep track of who works where 
in a rotation, a schedule is used which is maintained and updated by the production leader. The skill 
matrix is used as a recommendation when planning the rotating schedule. The schedule is just a 
guideline since flexibility is to handle workers being sick or other issues keeping them away from 
work. Every day the shift coordinator checks the schedule if someone maybe has to swap position to 
maintain the production flow going.  

“The benefits of rotating are that we now work where we have work to do, unlike 
three years back. There in extreme situations could a unit do nothing if there were no 
machines to work on and other units had to massive work to deliver to next step in 
the value chain. This has changed; today we help each other instead.” (PL2, 2017) 

A typical problem in a tight production is that there is no time for education and intake of new 
competencies. When the production schedule is short on time and pressed, the production line 
managers will in most cases distribute the workforce in a way where production can be done at 
highest speed. Therefore, staff will work on the machines they have the greatest skill in, which 
prevents rotation during these periods and can impede the staff flexibility growth.  

At MP8 the shifts are not maximized on personnel at the moment, which grants them the benefit of 
adapting the workforce on the machines more selectively after the current work-in-progress. This 
allows them to focus extra on machines that might be behind schedule allowing them to be cross-
trained and flexible. Working more often with rotation and learning new competencies have started 
giving multiple effects for the staff: 

x Less monotonous work resulting in better working conditions for the body and mental 
health of the staff.  
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x More robust and flexible against periods of sickness in the workforce and vacation 
periods. 

x Higher job satisfaction and positive work climate. 
x Less discussion regarding work tasks. 
x More understanding for the different production steps.  
x Sharing the competence experience, how to manage on different matters and also 

bringing a new side to the table on how to think in situations. 

It is mentioned by operators that in periods of ramping up and hiring new personnel cross-training 
can grant the possibility of balancing the production unit in a way where the new one´s take on 
easier tasks, and the experienced one’s handle more complex processes. This can reduce production 
time loss and reduce the chance of losing productivity. This balancing is done locally for the 
production unit, but it can also be done for the whole organization, which requires a proper 
modeling.  

Rotation is working fine for the moment at MP8, but the flex to other units struggles a bit. Partly 
because it is hard to track with today’s competency matrix which competencies are central at other 
units and also because it is rarely employees are available with correct skills. Many of the people see 
benefits with flex since it allows for further knowledge upstream and downstream: 

“[…] to understand how to build a stator coil correctly you must follow the product to 
the next step in the process where they insert the stator coils into the stator. Then 
you get to see what was bad and how you should do instead to make the attachment 
easier.” (PW3, 2017) 

It is discussed that reasons for the flex not working can be that often production line managers try to 
make the best for their unit, which can in many cases create borders between the groups and 
competition which makes the flexing harder to implement.  

 Modeling 4.1.3.3
There are two perspectives on modeling, first is the modeling in-house at the MP8 and the other is 
modeling for the whole factory. Ramping-up does not strike the entire factory at once, it is in 
somewhat delayed downstream since the complete lead time for the production is around ten 
weeks, and all units cannot start at the same time. In some special cases, MP8 can face a ramp-up for 
just their production since they beyond normal production range might have to produce separate 
coils to customers.  

There are different opinions among the interviewees on how to model the competencies at MP8, 
and some say everyone has to be able to run each of the machines. Other says that three 
competencies per person are the way to go. Important and what all agree on is that you want a base 
of workers with in-depth knowledge of how each machine works and their settings. It should be at 
least three workers per shift that know each machine on an expert level to not risk productivity 
losses when someone is sick or is on vacation. Expert level is the grade 3 in the skill matrix, and then 
these workers could have a two on other machines. This way the knowledge is spread among all the 
employees and people can feel more responsible. With all expert knowledge covered can the rest of 
the shift be filled up with personnel with the competency of only operating the machines. The 
modeling of MP8 is not hard since it is a small production unit and a tight production workforce. The 



32 

 

problem has earlier been to motivate staff to work at machines they are not an expert at, but this 
have more and more started to loosen up, and everyone is rotating more today.  

It is harder to model the flex because some oppose the idea of flex since they do not see the value of 
helping other production units. Production line managers often try using motivational aspect to 
promote flexing, such as increased salary. The most common idea on how to model the flex would be 
that MP8 personnel learns the next step in the value chain since it gives the staff experience which 
can help in the primary work at MP8. It gives them a new dimension on how and why the stator coils 
are built in the way they are.  

The modeling of a ramp-up period, it is mentioned that it has to be done in a productivity 
perspective. Meaning there is no point to assign newly hired staff on machines where learning curves 
are long. Instead, it is better to assign these to tasks that take less effort to get started with and build 
up their spectra of competencies from there. At MP8 there are mainly two different production tasks 
suggested to start with according to PL3 (2017) “*…+ you will have to start with hand isolation or at 
the looping machine and develop from there.” 

With a fully working rotation within the production unit, there is the perception that the 
maintenance of competencies will take care of itself. However, it has to be some maintenance of 
personnel that flexes to the production unit and out. Since the time periods between the flexing can 
be long, some extra maintenance might be needed to make sure the competence is not wasted. It is 
individual how much time personnel require to maintain their competencies, some employees need 
no support, and other needs much support.  

“It is important we maintain competencies because it usually takes an extended 
period before we need to borrow the person again and during that time a lot could 
have happened, and that person could have forgotten crucial parts, and then the 
flexibility is lost.” (PL2, 2017)  

4.2 VOLVO GROUP TRUCKS OPERATIONS – KÖPING 
At Volvo, gearboxes are built for trucks, buses, and dumpers. As a suitable reference case to ABB 
Machine production, the dumper gearbox production was chosen. The average lead time for 
production is about 1-2 weeks, and the unit produces about 15 gearboxes per day. Production 
planning has a forecast for production about a year ahead, but the projections are uncertain up until 
2-3 months before the start of the production. It is the estimates that indicate if a production ramp-
up is coming up.  

Volvo has two ways of dealing with production ramp-up. If the ramp-up is for a shorter period they 
can activate a flex agreement in the worker’s contract. In the agreement, it says that both the worker 
and the company puts in 50-60 hours each into a pot. When the work demand is higher, Volvo can 
use the extra hours to make the employees work overtime and in that way handle a smaller ramp-up 
for a shorter period. In the same way in the opposite direction, when production goes down, and 
there is less to do – Volvo can send home the employees, and they get paid at the same time for 
being home.  

If Volvo faces a bigger ramp-up that lasts for a longer period, the agreement is most likely not 
enough. Then hiring consultants and increase shifts to match a higher production level is the option 
to pick.   
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Consultants are usually hired 3-4 months ahead to train them since it is hard to find correctly 
educated personnel and also hard to re-hire old consultants. Training is posted in a way where the 
adept has a mentor for 2-3 weeks, and after that period the mentor is always close to the adept 
working at a station next to the adept for another month. Around two months for the novice to learn 
and be self-propelled. Something that splits the newly learned and experienced ones are quality 
questions, the experienced ones can easily spot abnormalities and in most cases solve the problems. 
It is easier to find people suited for mounting than processing tasks, and the latter option has longer 
learning times because the machines are complex and if a mistake occurs it can get expensive.  

All competencies are tracked in a database, which also tells when employees should consider 
completing new training or retain certain skills. However, locally at each production unit, they have 
“repetitive training” for employees if they have not done the moment in the last six months.  

Flexibility between manufacturing units rarely occurs, though rotation within the group occurs on a 
weekly basis. The employee´s role will have a direct influence on the rotation because workers on 
the assembly line have been more flexible and have a larger register of competencies than 
employees working with operating machines. For machine operators they want another approach: 

“For the processing machine you have to learn the programs, it requires more 
attention, things can go wrong fast – if you go wrong at one place and for example 
cut wrong, then you might need to change the setting of the machine which can take 
up to 8 hours.” (RC1, 2017) 

Hence, Volvo wants machine operators with more in-depth knowledge and fewer competencies as 
well as personnel at the assembly line with less in-depth knowledge and more skills. Volvo uses a 
competence matrix to keep track on the knowledge and who knows what. The use of the 
competence matrix is mainly to identify lack of competencies and possible threats for the 
production. Volvo uses a program to keep competencies up to date, if a task is not performed for the 
last six months, then the employee will be placed at that process and “retrain” the skills. In the 
retraining process they will have assistance for the first two or three steps then there are also OB at 
every station.    

4.3 SCANIA TRUCKS - SÖDERTÄLJE 
At Scania Trucks Södertälje there are multiple productions units, but to match the study focus was on 
Scania Transmission. They produce components for front-, rear axles, and gearboxes that are used in 
Scania´s trucks. It takes about 14 days to produce components and the total time to produce a full 
truck from order to customer delivery is three months. An operator that is experienced at their unit 
has at least 6-10 years of experience.  

Scania´s first indication of a production ramp-up is seen in the production planning up to three 
months ahead. Looking further in time orders can be unreliable which makes it harder to do a proper 
judgment. If the ramp-ups are for a shorter period, then Scania tries to use the permanent personnel 
at hand first. They have a deal in their contracts which enable them to add up to 10 hours of 
overtime per week, which can allow them to manage smaller and shorter ramp-ups. If that is not 
enough, they start looking at the number of shifts and how they can increase these to match a higher 
production level, with increased number of shifts, consultants are contracted. 
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Newly hired consultants go through a “basic skill” program, which is a program that runs for two 
weeks, and its primary purpose is to introduce the company, security questions, rules, and other 
general questions. After the program, the adept gets a mentor to teach and show procedures and 
routines. They go together up to six weeks depending on the adept. Usually, they say that the 
introduction takes up to 2 months.  

Competencies are tracked using a competency matrix. It is used to spot weaknesses in production 
and create development plans for the employees. The development plan is to reach a skill level 
where the employee is self-driven and independently can be responsible for the factors regarding his 
or hers position, factors being: security, delivery, economy and quality. Scania estimates this to take 
3-4 years to reach, depending on the individual and their position. To keep competencies maintained 
Scania uses a GMR program which controls the skills of the employees on a daily basis.  

Scania uses a rotation of work duties to a certain limit because they rather have a workforce with a 
deeper knowledge than a broad register of competencies. Rotation and flexible work tasks are 
adapted mainly for ergonomic reasons and to create a balance between production units. Due to 
that in-depth knowledge is prioritized over wide spectra of competencies. This requires more 
permanents workers and less focus on consultants. Worth to mention is that Scania used to invest 
more in wider spectra of competencies in the past, but they experienced that they lost too much in-
depth knowledge doing this. 
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5 ANALYSIS 
This chapter will analyze literature with the empirical findings, to display what theory is confirmed in 
the real world and what is not, also to provide a platform for discussions and conclusions in the next 
chapter.  

5.1 KNOWLEDGE MANAGEMENT 
The relation between KM and ramp-up in a production industry such as ABB Machine is closely linked 
to the second strategy of Hansen et al. (1999) where the knowledge is stored in people and spread 
through conversation and by involving each other in practice. Because of the complexity and the 
craftwork that takes place in production the ramp-up process will be highly depending on the 
performance of the transfer of knowledge between employees. RC2 (2017) express that “the time to 
become a machine operator is long. Those who are skilled and experienced have 6-10 years of 
working experience”. 

The explicit knowledge that is expressed by Anand et al. (2010) as, for example, written instructions 
and knowledge that is relatively easy to communicate, describes an important part of KT. It is hard to 
transfer knowledge in an explicit form in companies similar to those we have studied, but as an aid to 
basic information and as supportive in learning and maintaining skills, it is useful. The basic 
information concerns general information about the company, security, rules and production 
systems, which all case companies used when introducing new employees. 

The skills matrix is used more operatively to identify where there are shortcomings in competencies 
in the different departments. The differences between the various companies lie in how well they 
managed to utilize the skill matrix and ensure that there is not only one operator that can do a 
certain task. The OB on the other hands are instructions for every work task, but they are 
experienced as difficult to understand among the employees at ABB Machine and therefore used 
first after some days of practical training.  

“I do not work according to the operational descriptions, but I am very careful to tell 
the person I am teaching that I am not doing it in the same way. The operational 
descriptions are only keywords, it will be right if you follow the instruction, but there 
are lots of other ways to do it.” (PW4, 2017) 

Without knowing the definition of tacit knowledge, all the companies are affected by it. Much of the 
knowledge is attached to the employees in the production and is based on experiences. Fang and 
Road (2014) mean that tacit knowledge is an element in the learning process and when a person 
learns from an experience and then applies it. As Arnett & Wittmann (2014) says if a firm can use the 
tacit knowledge it can lead to better efficiency, value creation, etc. They also describe three 
requirements (frequent interactions, motivation, and cross-functional teams) that might be needed 
to transfer knowledge and gain these advantages. Today all three companies use rotation and flex to 
some extent but for different reasons. Processes in the organization that motivates the transfer of 
tacit knowledge are at first sight the same with a skill matrix, mentors for new employees, rotation 
and flexible workforce. However, the differences in the attitude of the staff indicate differences. RC2 
(2017) express that “we have very few employees who do not want to develop or do not want to 
take the next step. It is rather the opposite - people are in a hurry instead.” This is not the case at 
ABB, PW4 (2017) implies that “*…+ it is a classic comment, I am not getting paid for it. Yes but hello, it 
is true that you get nothing in advance, it has never happened in world history.” 
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“Three years ago, there was much less willingness to help out in other departments. 
We have been talking much about that you work not only on a unit or at a 
workstation, but that you work for the entire factory. However, there are always 
those who do not want to change, but then there are also those who sit at the front 
with their hands up and say I would like to flex. So it is going in the right 
direction.”(PL2, 2017) 

For the second and third requirement, the SVP meetings (which make sure the whole factory can 
ramp-up at the same rate) is the best example of cross-functional teams.  In some meaning, the flex 
can be seen as working in cross-functional teams with frequent interactions between the personnel. 
Also on a daily basis, the communication between the production line manager, the master planner, 
production manager and the production worker can be some form of a cross-functional team 
because they have a different perspective but working together to achieve the same goal.   

All three cases share the same view that having a mentor is the best way to train new staff. How well 
an individual can perform depends largely on how many years of experience from the manufacturing 
he or she has. For example, lessons from when it went wrong when problems have arisen and if the 
person has built up a routine at work are key assets. At MP8 the education is a lot about 
understanding the material because the employees describe the copper as “a living material," which 
means that the outcome may be different than expected even for an experienced operator. In 
summary, most of the knowledge is attached to the individual. As described by Nonaka and Takeuchi 
(1995) the conversation from tacit to explicit knowledge (externalization) is often insufficient. 
Instead, the focus maybe needs to be on socialization (tacit to tacit) and in some extent 
internalization (explicit to tacit) for the OB.  Nonaka & Takeuchi (1995) further explain; for 
socialization, it is important to share experiences because it is it almost impossible to put yourself 
into another person's position.  By working together with an experienced person, the KT can be 
accomplished. For a company that depends on the individual's inherent knowledge it becomes visible 
that, for example, learning and different employment forms that affect the transmission of tacit 
knowledge are critical aspects for a ramp-up. The transfer of tacit to explicit is desirable if it is 
feasible, but has to be studied further. 

Some of the obstacles for KM that Dalkir (2005) presented can be seen at ABB Machines. The other 
two case companies have not seen the same problem, for example, unwillingness to share 
knowledge. However, worth noting is that those interviews have been done with just one person and 
it is possible that there is a lack of information. The barriers that have been mentioned both from 
ABB Machine and Dalkir (2005) are unwillingness among employees to share knowledge because of 
fear that he or she easy can be replaced and the potential problems if an employee quits and the 
knowledge moves from the company. At the same time, there are both production line managers 
and production workers that are aware of it and discuss the issues that arise.  

“Personally, I think that it is not healthy to work at the same place for a longer 
period, you get institutionalized and extremely competent at what you do. But then 
you have a hard time to accept others doing your work.” (PW1, 2017) 

Heine et al. (2016) describe two different methods for improving KT during ramp-up, the OIL and the 
CoP. None of the companies use these or define any work groups and documents like a CoP and OIL. 
Instead, all the case companies have used forecasts with booked orders and pre-booked orders to 
see when a ramp-up will happen and then act. Clear differences between the companies are that 
ABB Machines employ staff as late as possible to avoid unnecessary costs. Scania's focus has been on 
retaining staff even during downturns to be able to ramp up quickly. Both Scania and Volvo are using 
a flex agreement, providing a good way to balance short terms needs of ramp-up and ramp-down. 
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5.2 COMPETENCY MODELING 
Langdon and Whiteside (2004) say that the usage of CM can help to improve the training, 
development and performance management. This is desirable today due to greater uncertainties and 
increased competition on the market. It all comes down to how flexible the workforce is and their 
ability to deal with new competencies and knowledge required (Tan et al., 2013a). A ramp-up can 
result in new staff reinforcements which can disturb the “harmony” within a production unit. 
Workers are switching to positions they are not used to. Being flexible can then counteract the 
disturbance of the balance. PW4 (2017) responded the following on this matter: “facing a ramp-up 
period we have to be flexible, we must be able adapting to the situation and help each other for the 
greater good.” 

Organizational goals are set standards within companies. There can be goals that can be reached and 
there are goals that should be considered maintaining. Gross (1969) says there are different goals 
with different purposes, goals for output, management, adoption and more. The most common 
primary goal for all organizations is to deliver high-quality products in time (output), but often there 
are sub-goals to reach the main aim. Sub-goals are both confirmed in literature and from 
respondents to be motivational and adoption goals. Individual and department goals for 
development of competencies lead to higher flexibility. In a ramp-up case, every production moment 
increases its frequency and with staff with a broader skill spectra will then mitigate problems in a 
better way. In the ABB Machine case, there were goals such as flex in, which promotes the internal 
flexibility but also brings a few more aspects. It can for example help with breaking barriers between 
production units because in many cases there is a risk of groups just focusing on their production 
goals and not for the overall purpose for the whole factory. It forces production line managers to 
more communication and to help each other reaching both their unit goal and goals for the whole 
factory. Also with the flex goal workers will get a deeper understanding of the products both 
downstream and upstream which can increase the overall quality of the products.  

“[…] it is very hard to get to people to flex between the production units. There is also 
resistance from the production line managers since they evaluated on their unit´s 
performance and therefore avoid lending personnel to other units. To improve, line 
managers need to be “the bigger person” and do something good for the whole 
factory on the cost of their unit.” –PL4 

Having barrier between groups can limit flexibility. With increased flexibility communication of both 
solutions and problems can easier be discussed and tackled (Hopp & Oyen, 2004). A more open 
communication climate breaks barriers between units, which makes it simpler to work as teams. 
Teamwork can help to improve ramp-up times and achieve increased productivity by lending 
personnel to each other.  

Personal development goals can directly increase the flexibility, which is healthy for company´s and 
individual perspective when ramping-up. Flexibility can help employees to feel more comfortable in 
uncomfortable situations. Doing something for the first time challenges a person to take a big step, 
leaving the comfort zone to an area where you are not sure of the risks and challenges. However, 
every time a new step is taken will be easier. The person will then develop a higher understanding 
how to adjust and tackle new objects. The development will incrementally increase employees’ 
ability to face problems such as ramp-up. According to PL5 (2017) “personal goals are set in the 
personal development assessment, the development of competencies creates better conditions 
when facing a ramp-up.” 
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All skill development have to be considered being aligned to company goals (Marrelli et al., 2005; 
Langdon & Marrelli, 2002). There might be no point having too many experts. It is not cost effective, 
which is also confirmed in the cases. The development can be concretized on how much and what 
the person can learn to meet the goals and support ramp-up in best possible way. It is central that all 
competencies are defined within its domains and different skill levels (Koeppen et al., 2008). In a 
ramp-up, there are many factors and those might have to be cleared ahead, “fixing” issues during a 
ramp-up can be translated into productivity losses and PW2 (2017) reflects on the matter: “three 
competencies per person would have been optimal when facing a ramp-up.” 

Landon and Marrelli (2002) pinpoints the importance of giving staff the support to make goals 
obtainable. The production line managers can assist and coach them in the development. The 
communications and feedback are preferred to be direct and not inexplicit (Iyer & Israel, 2012). 
Completion of all development can be done in advance. Then staff does not have to get stressed over 
falling behind in production. Also, when hiring new recruits it should be considered that they get full 
support, time and attention by the mentor, to grant them better conditions during/for a ramp-up.  

In both the literature and the case studies, it is said that skill matrix is required when modeling for a 
ramp-up. As mentioned in the literature a competency model is to display the level of each 
employee´s skills and weaknesses (Campion et al., 2011; Parry et al., 2010), which all the cases 
confirm. The problem in for example ABB´s case is that the skill matrix only shows a model for a 
single production unit. Nowhere can it be seen relevant competencies at another unit. In a ramp-up 
period, a combined model would help when production line managers consider staff modeling with 
internal resources. It would save a lot of time and effort since they can easily spot what internal 
resources can be used from other units. It would enable and promote the usage of flex within a 
factory in a better way. Also, it would assist in not “forgetting” people that have competencies at 
other production units. An educated employee with a broad spectrum of skills which is not utilized 
can be seen as an economic loss. PC (2017) comment the matter as “*…+ it could be used as a support 
for training and the modeling when ramping-up. However, now with some years perspective gives 
the feeling that we need to go with a merged matrix.” 

Maintenance of competencies is therefore essential. Regardless of updates and changes, all 
employees affected have to be told and updated with new information (Campion et al., 2011; 
Marrelli et al., 2005). Not keeping all personnel updated can result in confusion when ramping-up 
and risk of losing productivity due to the employee were not informed about latest updates. One 
employee falling behind in production would have a direct effect downstream in the value chain. 
Then it is important that personnel upstream or downstream can help out to balance the flow until 
the employee can keep up with the production flow. It is important to have all concerned personnel 
updated continuously keeping the staff ready for quick changes in production. For example, the 
program that Volvo used is a way of keeping the personnel up to date with new information or just 
refreshing old knowledge. This keeps them ready for when a ramp-up period starts. Operations at 
ABB seem to be aware of the importance, PW4 (2017) opinion on the matter: “it should happen at 
least once every year, and those times when you are there to refresh the knowledge, you should do 
it at least for a couple of weeks.“ 

Personnel developing and sustaining more competencies can have direct and indirect impacts on the 
workforce (Hopp & Oyen, 2004; Urtasun-Alonso et al., 2014). The usage of cross-training has a 
positive effect on the workforce. Staff experiences more happiness, motivation, and stimulation from 
working more as a team, leading to higher flexibility for adaption (Urtasun-Alonso et al., 2014). 
Personnel not wanting to expand their range of competencies can hurt their surroundings and block 
others wanting to develop. More cross-training would prevent it and open borders between 
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processes and units. Which PW1 (2017) describes: “*…+ my experience says that when you get to try 
new processes, you feel a lot better, you feel happier, and you become a new person.” 

In a ramp-up, resources are most likely pushed harder resulting in higher risk to wear out the 
personnel. Personnel being worn out will not be able to perform which normally results in 
productivity losses. Then having a flexible staff that can back up employees struggling can reduce the 
losses. If a team can jump in and support each other better, can it make the production process more 
robust to disturbances (Hopp & Oyen, 2004). Especially in factories with a heavy workload and high 
impact on their health, which result in sick leaves and significant competence gaps. Cross-training 
will, therefore, reduce the impact from these types of factors. Which is confirmed by PL5 (2017): “in 
periods of sick leave and vacation the vulnerability is reduced with flexibility.” and RC1 (2017): “we 
know we get less ergonomic and increase the number of work injuries, but that is hard to remove 
from the industry.” 

Getting a broader perspective can support a higher problem-solving ability (Hopp & Oyen, 2004), 
staff that worked on an entirely different thing can spot things in another perspective than what the 
regular staff does. This can be either good or bad, but most important is that it brings up the 
discussion for improvement and the chance of productivity increase. However, it can also bring other 
ideas or understanding regarding how to work more ergonomically or how processes work. New 
ergonomic work methods can reduce sick leave number and make procedures less grueling. With a 
chance of an increased productivity and reduced sick leave can result in shorter ramp-up periods, 
and reaching the production goals faster. Operator PW1 (2017) confirm this by saying “I think you 
miss a lot of improvement potential by not moving around the staff.” 

Production units should consider finding a balance between no flexibility and total flexibility. Total 
flexibility gives all the advantages and characteristics demanded by a production line to achieve a 
robust and be efficient in ramp-up times (Hopp, Tekin & Van Oyen, 2004; Jordan & Graves, 1995). 
However, total flexibility is not a realistic goal for companies to strive for, due to cost reasons. To 
educate an entire workforce would cost an enormous amount of money for a company and there is 
no point to do that with looking at the numbers Jordan and Graves (1995) presented. Total flexibility 
would be the best option to deal with ramp-up since the ability to balance the production would be 
simple.  

The usage of zero flexibility would be the worst way to face ramp-ups, due to personnel can only do 
their particular job and cannot flex to other units. To meet a ramp-up with zero flexibility can only be 
solved by hiring consultants to the specific roles where it is central, but hiring new personnel is time 
consuming and not cost effective. Time consumption is something to minimize since it directly affects 
the ramp-up time. 

During a ramp-up, the production units in the value chain are normally affected differently over time, 
see Figure 8. The ramp-up starts in the first line in production and is then moved through all the 
production lines like a wave. Importantly is to keep all units ready for a ramp-up, which leaves the 
great possibility of using the internal resources by moving personnel around strategically.  

Looking at the three cases studied, none of them are extreme in any direction. Instead, they have 
different experiences and views on how they want to model and prepare for a ramp-up:  

x ABB wants to have a limited number of employees with expert knowledge that form the base 
for the manufacturing. From the base can they fill the rest of the slots with personnel with 
many competencies and provides the flexibility for the factory.  
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x Scania wants to go to the opposite direction to what ABB is trying to achieve, they used 
fewer experts and broader flexibility earlier, but today they only want to use flexibility to 
avoid ergonomic injuries and to cover weaknesses. Reason being that they experienced too 
much in-depth knowledge was lost due to the employees had too many processes to take 
care of. From what they concluded is that deep knowledge have to be prioritized and is not 
worth losing.  

x Volvo uses rotation and flex to reduce ergonomic injuries and promote the education of new 
skills.  

There are multiple ways to deal with competence modeling layout. Modeling can support the usage 
of internal resources better, but it could also enable the possibility of better integration of new 
recruits in the factory. With clear modeling choices and directions, it could be easier to place new 
recruits at less complex processes. 

  

Figure 8 - Production Ramp-Up like a wave in the ocean (own) 
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6 DISCUSSION 
This chapter discusses the research question (RQ), how KM and CM together can support an existing 
production ramp-up.  

To answer the research question also the barriers should be considered in a discussion. Large 
numbers of factors are involved when studying ramp-up in a production industry through KM and 
CM. Several factors might inhibit the ramp-up time. Economic factors are one of the most important 
aspects because it provides the company with a framework for what opportunities or improvements 
that are possible to implement. When manufacturing companies today are facing worldwide 
competition the desire for a slimmer organization is central to become cost efficient. For all three 
case companies, a part of becoming more effective is to regulate the level of personnel, often by 
comparing demand forecasts and available working hours and make sure they match. It has led to 
different approaches towards how to handle ramp-ups and particularly how to handle personnel 
resources. For example, to support the ramp-up, it is important that the new staff get time for 
training. It is central that they are employed before the actual ramp-up, but that means at the same 
time increased costs for the companies. However, it is a central balance which can be reached, 
without an appropriate period of training the new employee will not have reached full capacity and 
the production unit might have to work with delays.  

Another aspect that differs a lot between the case companies is how high knowledge and 
competencies is rated. As described under “Competency modeling,” achieving a flexible workforce 
requires employees with multiple skills and knowledge in more than just one specialized work task. 
Also, what kind of knowledge that characterizes the company can be well known for the purpose of 
an efficient ramp-up. There is a clear difference in what is the primary aim of the staff. For example, 
if the company uses consultants because the priority is to be able to manage the level of staff quickly 
or it is important to maintain the competencies and therefore use permanent employees. None of 
the options are necessarily correct, but the important thing is to make informed choices and have a 
strategy.  

If personnel quit or a new employee does not get time for training, companies will not see any 
economic losses if it does not affect the end customer. However, that does not mean it is not real, 
instead knowledge and competencies can be seen as an important financial aspect. From the 
interviews, it is known that it can take years to become an experienced operator and only to be able 
to start producing for a new employee takes months, and during that time also the mentor cannot 
produce at full capacity. It is important for organizations to understand that knowledge includes a 
personal part that is not valuable to the company if the knowledge cannot be transformed.  

Corporate culture is another factor which affects the conditions for improving ramp-up. Aspects such 
as fear of losing the job and focusing only on your task or department and not looking at the entire 
factory are two examples that can have a negative impact. This subject is partly outside the study 
area but has a significant impact on the KT and the willingness to broaden competencies, which 
would be suited for a future study.  

Depending on the corporations starting position some important fields of action have been 
identified. Ramp-up through a personnel perspective is highly dependent on the staff having the 
right education and can produce at full capacity. Communication between different departments 
through cross-functional teams and interactions between personnel is to contribute to a better 
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understanding of both the final product and other work units. This is also closely connected to the 
subject, KT. From the interviews, there are examples of corporations having no strategy for how 
knowledge can be retained and transferred between employees to reduce the vulnerability, for 
example when operations only have a few people mastering it. In one of the cases, it is shown that it 
is possible to retain and transfer knowledge within the company.  

Modeling competencies for complex factory production can get complicated due to multiple factors 
such as companies policies, culture, opinions, and experiences. This makes it difficult to tell 
organizations; this is how the model of the business should look like. Instead, using general 
guidelines is more appropriate. In a complex manufacturing environment, expert knowledge is 
central, without it the ability to deal with unexpected problems would be poor. Rest of the workforce 
could be employees having multiple skills to balance production for ramp-ups, but also for the sake 
of their health. The modeling of the skills to be structured with a plan, it cannot be any doubts who is 
supposed to learn what and who knows what. 

Managers should consider striving to connect as many units as possible to increase the flexibility of 
the internal resources. In the ABB case, a structured modeling is not used, which reflects their 
flexibility over the whole factory to be poor today, but on a unit level the flexibility works well. Using 
a more structured way would force units to work together, and flexibility can then be developed 
more naturally. Then the ability to tackle ramp-up with internal resources can increase since the staff 
can switch from one task to another with barely any time loss. A structured and planned modeling 
could also help in implementing new consultants in the production. Since the experienced ones can 
leave room for the new ones on the "easy" tasks and that way balance the production. This way they 
can faster and more easily reach a full production capacity.  

Regardless of modeling structure, the competencies might have to be tracked, preferably in a skill 
matrix. It can display skill level for all production lines, which makes it easier for managers to track 
weaknesses and to see the modeling structure of the skills. On some occasions using a structured 
modeling is not possible, then a skill matrix could help to keep track of competencies that does not 
follow strategic decisions. Also, some system or planning that makes sure that competencies are 
maintained, to preserve the flexibility of each worker. In the end, the purpose of modeling is to 
create structured flexibility in the workforce, since with higher adaptability ramp-up can be dealt 
with in a more cost effective way. 
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7 CONCLUSION AND FUTURE STUDIES 
This chapter gives conclusions how the utilization of CM and KM can support a production ramp-up. 
Further, proposals for future studies are presented. 

7.1 CONCLUSION  
During a ramp-up of a complex manufacturing process, there are several factors that effect and have 
to be considered concerning production capacity but also human behavior. Recommendations can be 
made describing how CM and KM can support ramp-up productivity and efficiency in an existing 
production. The conclusion that is done regarding how to support productivity when ramping up 
volumes in a complex production when utilizing KM and CM is that together they can create 
conditions for more structured flexibility and KT. This can reduce the impact of the factors that 
increase lead time of a productions ramp-up. 

With a structured flexibility, production lines can work more as a team with an open and friendly 
environment. It enables a greater potential of using internal resources instead of hiring consultants. 
A well thought-through modeling is required for flexibility to work properly, but the model can differ 
from factory to factory depending on production type and culture for example. There is no 
framework that works for all production companies. An important factor with modeling is to have a 
plan and a goal with the modeling. It could be structured in a way that makes sense, in other words, 
there should be a thought behind on how to create skill-chains and make them most effective. A skill 
matrix could be used to track competencies over different units and to cover competence 
weaknesses. 

Without KT it is not possible to achieve a higher flexibility and capacity to face the demand. The KT 
can have certain standards for a workforce to reach higher capability to adjust for a ramp-up period. 
It is preferable that mentors get an education on how to address newcomers and how to educate 
them in the best way. If the new ones can get an adequate education, there are many benefits for 
the company. KT is not only important for the new recruits, but also for the experienced ones 
obtaining new competencies to get more flexible. In the training process, the goals should be 
considered to be kept structured and with a clear plan on a unit and a personal level, to educate 
personnel with correct competencies. Having some maintenance of the skills is vital, a lost 
competence can be seen as a direct economic loss. Another important factor in KT is to always 
support the education with the time required.   

The limitations of the study might have influenced the conclusions in different ways. Reference cases 
were used to broaden the view avoiding using data unique to one company. At the same time, most 
of the interviews were done with ABB, which could effect the results because it contributed to the 
majority of the empirical data. As far as possible, this was addressed by asking the same questions 
for all three companies to keep them comparable. 

All case studies are done on established large organizations with the common criteria of complex 
production, to be able to compare the results. However, the issue studied is not something that only 
concerns large companies. It could be possible that smaller companies would bring other aspects to 
the study. Another aspect was that they were all industrial companies and potentially other case 
company in an entirely different area might have added further information to the subject.  

There are a large number of related subjects that can be further studied and was not taken into 
account in this study, for example, the possibility to invest in new technology to solve ramp-up, or 
the ramp-up of a totally new product. Choosing a noncomplex industry would also have effected the 
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choice of the staffing management subject. It would also have been preferable to include ramp-down 
for a full overview of the issues with production with varying volumes, but due to the scope of this 
project, the time limits forced us to this limitation. 

7.2 FUTURE STUDIES 
For future studies, it would have been interesting to implement the recommendations and study 
results over a longer time.  Implementing new ideas in an organization takes time and studying the 
results needs time since every individual is unique in his or her learning curve. The outcome of the 
new study would be to see how well CM and KM support production ramp-up, by comparing ramp-
up time before and after implementation. 

This study focused a lot on the main case of the study and used the reference cases to support or 
contradict data. For example, can organization culture have affected the result of the study, due to 
organizations are unique and their ideas how to approach the matter. Therefore future studies can 
use more cases equally profound. It would increase the credibility of the study, reduce the impact of 
culture aspect, and have greater applicability towards many organizations.   

In the study, the focus has been on a ramp-up in existing production, but in a production cycle, a 
ramp-down will most likely to occur after a ramp-up in the current market. Depending on how a 
ramp-down is managed, it will have a direct effect on the conditions for next ramp-up. Therefore in a 
future study, it would be interesting to see in which way a ramp-down could be handled to not affect 
the conditions for a coming ramp-up.  
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8 RECOMMENDATIONS 
This chapter presents recommendations based on the conclusions from the study.  

For a company to achieve a better ramp-up with the conclusions in the previous chapter, following 
recommendations are suggested: 

Consultants a “2”    Hiring consultants should be used when internal resources are not enough 
to match the demand. The skill of consultants should only be at a level of 
operating machines, and investing in deeper knowledge should only be in 
personnel that still will be there when the demand goes down. 

Trainer skills      Everyone is not suited to be a mentor, the ones that have the willingness to 
learn and teach others should get the chance to go courses in pedagogy, 
which increases the KT quality and makes sure to not lose knowledge over 
time and when personnel retires.  

Competence broadening     Competence should be systematically expanded over the whole 
organization, everyone might not have to know everything, but each worker 
should have several skills that are tactically distributed between the 
different departments.  

The time aspect     Learning and adapting new complex skills overnight is unrealistic and 
therefore in front of a ramp-up, time needs to be consider to grant the 
production staff the right competencies for the job.  

Maintenance      Usage of a strategic maintenance schedule should be used on a regular basis 
to keep skills up-to-date.  

Collective goals     Collective goal is pretty similar to the common strategy, but the main 
purpose is to get units and staff to work together and not in their isolation. 
Get the personnel to work towards achieving the mentality “we are in it 
together”. 

All these actions are subcategories to the strategy of the organization. To face the ramp-up 
successfully a long-term strategy is suggested and has to be mutual for the whole organization. Also, 
a continuous knowledge exchange is desired to be successful. 
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