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Sammanfattning
Syftet med studien var att undersöka hur kommunikationen påverkar effektiviteten i produkt-
och processutvecklingen i en samlokaliserad miljö. Tidigare studier har visat att det finns 
fördelar med samlokalisering av produkt- och processutveckling och produktion. Det påstås
att det finns en indirekt relation mellan samlokalisering, prestanda och innovation. Men få 
djupstudier har lyft fram fördelarna med samlokalisering och samtidigt behandlat 
kommunikationsaspekten. Detta bildade grunden till följande frågeställning:

Hur påverkar kommunikationen effektiviteten i produkt- och processutveckling i en 
samlokaliserad miljö?

För att undersöka frågeställningen gjordes en kvalitativ fallstudie bestående av tre olika typer 
av datainsamlingsmetoder; intervjuer i tre omgångar, en kontinuerlig undersökning och ett 
frågeformulär. 

Kommunikationsfördelarna som skapades genom att företaget var samlokaliserat bidrog till 
att problem kunde identifieras tidigare i processen. De gav också möjlighet för produkt och 
process utvecklingen att få snabbare återkoppling och kortare beslutsvägar. Genom att 
kommunicera på detta sätt drog man också nytta av erfarenheter och idéer från alla företagets 
avdelningar. Allt detta bidrog till en effektivare produkt- och processutveckling. 

Nyckelord: Samlokalisering, forskning och utveckling, produktion, tvärfunktionell
kommunikation, problemlösningskommunikation, kommunikationsteorier.
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Abstract 
The purpose of this study was to examine how communication patterns affect the efficiency 
of product- and process development in a co–located environment. Previous studies have 
shown that there are a number of benefits with co-location of product- and process 
development and production. It is suggested that there is an indirect relationship between co-
location and performance and innovativeness. However, few in depth studies have targeted 
the actual benefits of co-location and the aspect of communication. This was the foundation 
for the research question in this study; 

How do communication patterns affect the efficiency of product- and process development in 
a co –located environment?

To investigate the research question, a qualitative single case study was executed including 
three types of data collection methods; interviews in three rounds, a continuous study and a 
questionnaire. 

The communication related benefits were shown to enable the company to identify issues 
earlier in the development process. The level of communication also provided the product-
and process development with quicker feedback-loops and shorter decision paths. Taking 
advantage of the experience, ideas and “know-how” from the different departments enabled 
the company to benefit from all its internal resources. The communicational benefits were 
shown to have created a more efficient product- and process development at the case 
company.

Keywords: Co-location, R&D, production, cross-functional communication, problem-solving 
communication, communication theory. .
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1 Introduction 

This chapter includes a general background, a presentation of the gap in current research 
which was the foundation to the main research question and the delimitation of this study.   

1.1 Background 
The technical development in the world today is rapid and new products quickly become 
obsolete. It is a challenge for technology intensive companies to be in the race and it is 
therefore important to have an efficient and continuous product- and process development 
(Kahn, 2013; Khalaf et al., 2005).  

A product development process is defined according to Kennedy (2003) as a collective 
amount of activities that companies use in order to convert ideas into products that meet the 
needs of the market and at the same time are aligned with the company’s strategic goals. The 
companies are affected by the difference in market demands due to the technical change with 
sophisticated customers, increased competition with international actors and altered business 
climate as in Europe, where workforce easily can be moved between countries 
(Entreprenörskapsforum, 2012). 

There are many different challenges that companies have to address in order to create an 
effective product- and process development. The main strategic goal to improve the product- 
and process development productivity is the economic value created by being first to market. 
Since it is very important to be first to the market, companies have started to focus more on 
being first in class rather than best in class (Vecchiato, 2014). 

There are five levels that are known to have an effect on the productivity of product- and 
process development; innovation, economic value, organizational model, source of talent and 
leadership. It is important in the innovation process to involve external stakeholders early and 
more intensively to create an understanding of the market demands. The companies have to 
maximize their usage of internal resources, improving decision-making processes through a 
flatter organizational structure when the economic value is preserved with speed to market. It 
is also important to create an organizational model that enables strong integration and 
collaboration between departments, known as "cross-functional" teams and the various 
functions within the product- and process development and to empower the employees to be 
more involved through less hierarchy. It is also essential to upgrade the source of talent within 
the company through education or hiring external competence to address new challenges. 
Provide the organization with great leaders who can set up clear goals and visions that can 
guide employees to work together in the same direction (Russell Reynolds Associates, 2014). 

Fine et al. (2005) further discussed techniques to create a more efficient and shorter 
development lead-time through frequently over-lapping development activities. This 
technique, today known as Concurrent Engineering (CE), often focuses on the link between 
product design and production methods. But one of the more highlighted issues from the five 
levels is the organizational model and how to create a successful integration of cross-
organizational activities in order to involve workforces from different departments. It is 



 

2 
 

essential to have good communication to create productivity. Face-to-face communication 
increases the employees' performance in general (Arvey, 2009). Some researchers argue that 
the physical co-location of activities enhance coordination and improves performance both 
within and across functions (Hoegl et al., 2007; Kahn, 2013).   

An increased separation of location can make it less easy to plan face-to-face communication 
such as meetings, thus it can isolate thoughts and enlighten perceptions of personality 
differences. A physical separation also prevents employees from casually meeting in 
hallways, at lunch, during brakes etc. by accident and share information or clarify problems 
(Van den Bulte and Moenart, 1998; Richtnér and Rognes, 2008). Even though the benefits are 
known it does not always mean that the product- and process development is co-located with 
the company’s actual production. This is partly an attempt to access low-cost production or 
proximity to market as well as it has been more of a norm lately than an exception to 
outsource (Rugman and Verbeke, 2001; The Economist, 2013). But there have not been as 
many discussions about what companies lose in the process such as reduced development 
times, handling of problems and shorter decision-making processes etc. when it is important 
in the technical business in order to be first to market (Kahn, 2013).  

1.2 The gap in research  
Co-location of product- and process development and production has received a lot of 
theoretical and empirical attention among economists and organization scientists. But the 
results need to be supported by further empirical research in order to develop stronger theories 
in this area, especially the cross functional aspects (Ketokivi, 2006).   

Well-functioning communication is essential to improve productivity both within teams and 
between teams and face-to-face communication also increases the performance in general 
(Arvey, 2009). Theories suggest that it would be beneficial with co-location to facilitate 
communication and cross organizational activities (Van den Bulte and Moenart, 1998; Kahn, 
2013; Richtnér and Rognes, 2008).However, new technical communication systems quickly 
emerge and the communication environment changes. It is questioned whether  these benefits 
actually exist and if there is more to gain by co-locating product- and process development 
with  production (Ketokivi, 2006). 

This forms the basis for the following objective and the research question.  
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1.3 Objective and research question 
The objective of this report was to investigate which communicational benefits are to gain 
from cross-functional interactions between product- and process development and production 
in a co-located environment and how they can make the product and process development 
more efficient. To reach this objective, the following main research question must be 
answered: 

How do communication patterns affect the efficiency of product- and process development in 
a co –located environment? 

To answer this question, the following sub questions have been investigated:    

• How do the communication patterns look like in a co-located environment?  
• Which are the causes for the choice of communication? 
• Which are the general communicational benefits? 
• How do communication patterns affect the product- and process development? 

1.4 Delimitations  
This study comprises a high tech company with a factory site in Sweden that produces 
advanced fibre-optic products. The focus has been on the collaboration and communication 
between the product- and process development and the production. Benefits in a co-located 
environment that are not related to communication are not included.  The study is a single 
case study and comprises studies on the case company only. No economic aspects have been 
taken into account. Sustainability has only been shortly discussed and has not been taken into 
consideration during the study. 
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2 The literature review 

This chapter presents previous theories and models that have been relevant to comprehend 
the context of the area and analyse the empirical data gained in this study.  

2.1 Theoretical framework 
The theoretical framework is divided into three parts, see Figure 1. The first part includes 
theories that were used to understand and analyse how the case company's product-and 
process department looks like, how it’s divided and how the different departments are 
working in relation to one and other. The second part, communication, created the foundation 
for the understanding of the organizational communication patterns and the choice of 
communication method, which were found in this study. At last locational theories were used 
to understand which of the identified findings depended on the choice of location. Combined 
the theories creates the foundation for the analysis of the empirical findings gathered in this 
study in order to answer the research question.   

 
Figure 1. Overview of the theories used to analyze the findings 

 
 
 
 
 
 
 

2.2 Product- and 
process development
2.2.1 Concurrent engineering

2.3 Communication
2.3.1  Communication purposes in organizations

2.3.2 Communication in organizations
2.3.3 Communication barriers 
2.3.4 Learning organization

2.4 Co-location
2.4.1 Locational drivers

2.4.2 The effect of co-location on the 
product and process development 

To create an understanding of 
how the company is working 

To be able to understand the 
identified communication patterns  

To understand the effect the 
location can have 

The combination of the theories created the foundation to analyse the empirical findings 
gathered in this study and to answer the research question   

”How do communication patterns affect the efficiency of product- and process development
in a co –located environment?”
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2.2 Product- and process development 
Product- and process development is defined according to Kennedy (2003) as a collective 
amount of activities that companies use in order to convert ideas into products that meet the 
needs of the market and at the same time are aligned with the company’s strategic goals. "The 
development of a new product involves creating a new design concept and building and 
testing prototypes." (Kennedy and Ward, 2003) 

A classical industrial product- and process development can be seen in Figure 2 and can be 
divided into five major stages; concept generation, product planning, product engineering, 
process engineering and finished product, where the product is fully developed and is starting 
to be produced in large scales (Rosenstein, 2013).  

 

 

Figure 2.  A linear product- and process development process (Rosenstein, 2013) 

Concept generation: The first stage includes the creation of a concept that will meet the 
needs and requirements of the future customer. The concept is supposed to define the 
customer perspective and is considered to be an important part in order to get the right design 
(Liu et al., 2009; Wang, 2012). This enables design that customers are more willing to buy 
and reduces risks and costs (Fuchs and Schreier, 2011). 

Product planning: Second stage, the concept is translated into detailed product designs with 
all the necessary specifications, including technical choice, layout, requirements, cost and 
investment targets. Most of the information assets created here are still intangible, engineers 
and designers may employ a physical model for styling evaluation, and early stage prototypes 
in order to test advanced components and evaluate styling and layout. The challenge is to 
create a plan that reconciles competing objectives and requirements (Kahn, 2011). 

Product Engineering: The third stage, the product plan information is transformed into 
detailed product designs in CAD drawings. Through these drawings, the different components 
can be produced and later assembled into the first physical prototype. Both the components 
alone and the assembled product are tested continuously to ensure that the results meet the 
expected targets. Depending on the outcome of the tests, the product design can be modified 
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Product 
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Product 
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product



 

6 
 

until the product reaches the demand. The challenge here is to get the full commitment from 
all engineers involved and be able to realize the product concept within the business 
requirements such as cost and investments (Ortloff et al., 2014).  

Process Engineering: In the fourth stage the process design is developed in relation to the 
product design. This includes how the plant should be designed, what equipment that is 
necessary and what kind of software that is needed and how the operating procedures should 
be. Challenges here can be the need to invest in expensive new equipment as well as training 
and education of process operators (Zhou, 2012).  

Finished product: It is after the process engineering stage that the product- and process 
development is complete and the company can enter the finished product stage and start 
producing the product on a large scale (Rosenstein, 2013). 

The development process in practice is far from linear when it includes many loops, parallel 
steps and unclear limits (Fine et al., 2005). To create effectiveness companies have to look at 
both the parts and the whole process (Kennedy and Ward, 2003). Fine et al.(2005) added 
effectiveness as a factor to the product- and process development through looking at the 
including activities and how they were integrated, managed and conducted, which is a 
technique called concurrent engineering (CE). 

2.2.1 Concurrent engineering 
Concurrent Engineering (CE) is the parallelizing stages in production and product- and 
process development (Fine et al., 2005). Traditionally, products have been designed in a serial 
manner, see Figure 2, starting with research and development and concluding with a product 
design which is often driven by market demand. The design has then been sent off to 
production, where the production parameters have been set by the production team on site, 
with a focus on operational demands such as cost and capacity.  Serializing production has 
two main disadvantages; slow production due to missed parallel opportunities and sub 
optimized because each part makes their own optimizations (Fine et al., 2005). 

Products in the new development phase might have to go through several redesigns (Lin et al., 
2012). This is a larger problem if the process and the product are designed isolated from each 
other and results in a large overuse of resources (Fine et al., 2005).  Focusing on minimizing 
and aggregating the redesigns to earlier phases of the project can be done through an 
integrated product and process design (Lin et al., 2012). This requires an early simultaneous 
approach in order to reduce lead time and save costs (Fine et al., 2005; Lin et al., 2012). A 
product- and process development process with applied Concurrent engineering (CE) 
technique is illustrated in Figure 3. 
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Figure 3.  A product- and process development process with a Concurrent engineering (CE) 
technique, based on the theories by Rosenstein (2013) and Fine et al. (2005) 

Concurrent engineering solutions often focus on the link between product design and 
production methods. Such solutions could for example be virtual computer based prototyping 
or rapid prototyping (Anderson, 2014). This is often referred to as two-dimensional 
concurrent engineering (2D-CE) (Fine et al., 2005).  

The supply chain problems are also of importance in concurrent engineering. When 
incorporating supply chain the concurrent engineering approach becomes three-dimensional 
(3D-CE) (Fine et al., 2005; Shahin and Rostamian, 2013). 

In the development of new products they can be categorized as either integral or modular 
products. Integral products tend to have complex interfaces which are tightly connected and 
dependent on each other while modular products are easier interchangeable and have clear 
interfaces. It is often hard for third party companies to build extensions for integral products 
since the components have a high degree of interdependency. This is not only true for the 
design, but also for the production with non-standard and complex methods (Van den Bulte 
and Moenart, 1998; Hong and Park, 2014)  

A successful product development project depends not only on interaction between the 
functional teams, but also when they are integrated as well as how active they are in the 
beginning of the project. One way to ensure a successful cross-functional integration is to co-
locate the different functions (Anderson, 2014). 
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2.3 Communication  
A communication process explains how people communicate and the relationship between the 
messenger and the receiver.  The process contains a message with a purpose, a “source” that 
is communicated through a “channel” that transfers the purpose of the message to a “receiver” 
that decodes and comprehends the message (Hamilton, 2013; Kerzner, 2013). The perception 
of the message is affected by its content, elements, structure and its code as well as the 
"encoders" communication skills, attitudes, knowledge, social system and culture (Gronau, 
2012; Hamilton, 2013; Kerzner, 2013). All these factors combined can affect how the receiver 
decodes and comprehends the purpose of the message from the “encoder” (Hamilton, 2013; 
Kerzner, 2013). 

The choice of channel has a great impact on the understanding of the message. The different 
human senses, such as hearing, seeing, touching etc. that can be used in the channel effect the 
comprehension of the message. There are more challenges for the receiver to decode non-
physical communication because when using a digital channel the messenger needs to 
translate the expressions and moods into words and/or symbols that the receiver is supposed 
to comprehend in the right way.  Examples of digital channels can be computer systems, e-
mail, chat functions etc. The efficiency in the communication is determined by the actions and 
the background of the “source-encoder” and the “decoder-receiver” (Hamilton, 2013). 

      

Figure 4. The process of Communication (Hamilton, 2013; Morrison, 2014) 

In face-to-face communication non-verbal clues are very prominent. Digital communication 
tries in many ways to mimic face-to-face communication through adding clues such as 
pictures, video and emoticons. These additions simplify digital communication but, depending 
on setting, do not live up to the abilities of face-to-face communication. Sometimes digital 
communication is nearly as good as face-to-face communication, but digital nonverbal clues 
can also easier be misinterpreted, for example the time it takes to answer a message or the 
formulation in the message. In a business setting, it is also unusual to use emoticons and 
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pictures in messages which lower the ability to get nonverbal clues (Knapp et al., 2013). It is 
believed by many that technology cannot restore what is lost when going from physical to 
digital communication (Walther, 2006). Thus, even if some digital communication effectively 
transfers the message people can use face to face communication to get more nonverbal clues 
(Riordan and Kreuz, 2010). 

Digital communication works best when the message is short and easy to understand without 
complementary information (Knapp et al., 2013). However, people who use digital 
communication and especially e-mails tend to overestimate the accuracy of their message, 
which often leads to misinterpretations due to too few complementary clues (Kruger et al., 
2005). Feedback is also believed to be more positive and accurate over physical channels 
rather than digital (Knapp et al., 2013).   

2.3.1 Communication purposes in organizations  
The purposes with the communication within an organization can be divided into two areas; 
problem-solving communication or administrative communication. While problem-solving 
communication aims to reduce technical complexity administrative communication needs to 
fill the units and organizational demands of communication (Johnson-Eilola and Selber, 2012; 
Kupritz and Cowell, 2010; Smith, 2012).  

Problem-solving communication includes clarifying ideas or technical problems, discussions, 
evaluation and development (Johnson-Eilola and Selber, 2012; Smith, 2012). Communication 
that includes generating ideas as well as evaluating and sharing solutions to creative problems 
have a positive impact on performance (Johnson-Eilola and Selber, 2012). Administrative 
communication embraces organizational or administrative problems or procedures such as 
scheduling, budget and coordination between areas (Kupritz and Cowell, 2010). 

2.3.2 Communication in organizations  
Communication within an organization can be divided into three areas: Intra-project 
communication, Organizational communication and Extra-organizational communication 
(Moenaert et al., 2000). 

Intra-project communication is the communication within a department, project or a 
product- and process development and consists of the whole spectra of communication 
activities at all levels including both formal and informal communication (Ahimbisibwe and 
Nangoli, 2012; Carrière and Bourque, 2009). Formal communication can be described as “A 
type of verbal presentation or document intended to share information and which conforms 
to established professional rules, standards and processes and avoids using slang 
terminology”(Business Dictionary, 2014a). Informal communication can be described as “A 
casual form of information sharing typically used in personal conversations with friends 
or family members. Within a business environment, informal communication might be 
observed occurring in conversations, electronic mails, text messages and phone calls between 
socializing employees” (Business Dictionary, 2014b). 

One of the most important factors for success in any project is to have effective intra-project 
communication and the efficiency depends on the quality of the communication flow. Quality 

http://www.businessdictionary.com/definition/presentation.html
http://www.businessdictionary.com/definition/document.html
http://www.businessdictionary.com/definition/share.html
http://www.businessdictionary.com/definition/information.html
http://www.businessdictionary.com/definition/establish.html
http://www.businessdictionary.com/definition/professional.html
http://www.businessdictionary.com/definition/rule.html
http://www.businessdictionary.com/definition/process.html
http://www.businessdictionary.com/definition/user.html
http://www.businessdictionary.com/definition/form.html
http://www.businessdictionary.com/definition/information.html
http://www.businessdictionary.com/definition/family.html
http://www.businessdictionary.com/definition/member.html
http://www.businessdictionary.com/definition/business-environment.html
http://www.businessdictionary.com/definition/electronic-mail-email.html
http://www.businessdictionary.com/definition/message.html
http://www.businessdictionary.com/definition/employee.html
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can be described as the extent to which the right information reaches the right receiver at the 
right time. The size and type of product influence the complexity of communication both 
within and outside the project, hence communication has a vital effect on more complex 
projects. High performing product- and process development projects have a greater level of 
intra-project communication than low performing projects (Ahimbisibwe and Nangoli, 2012). 

A project that also includes more complex tasks requires more face-to-face intra-project 
communication than a project with more routine and applied tasks in order to better manage 
uncertainty, generate solutions and ideas. There is a greater need of problem-solving 
communication than administrative communication, since the performance level correlates 
with the level of communication (Smith, 2012).  

The productivity is depending on the time spent on communication in a project. There are 
three aspects affecting the project’s productivity; user participation, what standardized 
methods and tools the company has and the communication activities. The higher 
communication frequency the better the performance (Brodbeck, 2001; Smith, 2012).  

To create innovative projects it is also essential to create good teamwork. The quality of the 
teamwork can be measured by collaboration and therefore the quality of interactions between 
employees. There are six factors affecting the quality of teamwork (Hoegl and Gemuenden, 
2001; Smith, 2012): 

• Communication both formal and informal as well as spontaneous communication 
• Coordination 
• Balance of member contributions 
• Collective support 
• Efforts 
• Cohesion   

It is the project managers that have the responsibility to make sure that the intra-project 
communication is effective through implementing internal communication systems that 
provides all employees in the project with important and relevant information at the right time 
(Carrière and Bourque, 2009).  

The leader’s ability to foster teamwork, relationships and stimulate innovation affects 
communication and the performance. By creating a safe and open minded environment, 
guided by trust and understanding the possibilities for good communication are greater. 
Promoting communication between different groups creates a complete understanding of the 
interrelated activities and teams can jointly reflect on project objectives as well as process and 
adapt to change (Hirst and Mann, 2004). 

Organizational communication comprises the intra-project communication as well as the 
communication between departments and other projects in the company, also called cross-
functional communication (Kim and Kang, 2008). This type of communication is important 
when work related expertise needs to be combined to develop new ideas, products or 
processes. A company’s market demands and production requirements, for instance, needs to 
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be combined with the technical capabilities (Jacobsen et al., 2014).  Face-to-face 
communication was found to be the primary way for engineers or scientists to discuss 
information or new ideas (Smith, 2012).  

Problems that can occur in cross-functional teams are based on the fact that different 
departments have different objectives or roles that do not always coincide with one another. In 
this case it is important to have managers that are assigned to manage the cooperation 
between the teams. It is also important to create awareness about the issues to enable better 
cooperation (Kim and Kang, 2008). Through integrating cross-functional perspectives, 
companies can include all necessary angles in complex and competitive environments (Chang 
and Yeh, 2014). 

Extra-organizational communication means communication with external actors such as 
suppliers, customers, research facilities and consultants.  The communication between 
external providers may take more time than communication between development teams 
located in-house. This is due to barriers such as culture, languages and channel noise (Oh and 
Hong, 2013) 

2.3.3 Communication barriers  
There are a number of barriers that can affect communication within an organization such as 
communication skills, attitudes, knowledge, social systems and culture, that are illustrated in 
Figure 4 (Gronau, 2012; Hamilton, 2013; Kerzner, 2013). The location of the departments and 
the physical distance between them can affect the opportunities for serendipitous meetings in 
hallways, by the coffee machines, lunch area and elevators. The physical separation decreases 
the opportunities for unplanned information sharing, problem clarification and face-to-face 
communication. A distance can also enhance the possibilities for misunderstanding when 
physical meetings enable employees to comprehend how receiver receives and understands 
the information from the messenger (Van den Bulte and Moenart, 1998).  

Face-to-face communication enables the interpretation of non-verbal communication such as 
hand gestures, moods and intonation. Communication conducted face-to-face also gives 
immediate feedback. It is still assumed to be a powerful way of communicating, and can 
almost never be totally replaced by non-physical communication (Begley, 2004; Hamilton, 
2013; Kupritz and Cowell, 2010). 

2.3.4 Learning organizations 
A learning organization can be described as an organization where continuous improvement is 
emphasized in order to create desired results. Where people learn to learn together as well as 
meet and create new realizations (Pedler and Aspinwall, 2000). According to Senge (2006) 
the cornerstones of a learning organization are systems thinking, personal mastery, mental 
models, building shared vision and team learning (Senge, 2006). 

Nature in itself works as a system and things are correlated. The first of the five aspects of a 
learning organization is to understand the systems thinking. Even in a company the structures 
and patterns correlate. The correlations might not be as evident as in nature and might leap 
over a significant amount of time, but there are still there. Employees need to learn to see 
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these patterns and structures through helping each other understand the correlations by 
sharing information and through affirming the systems thinking (Gharajedaghi, 2011; Quinn, 
2005; Senge, 2006). 

Personal mastery refers to the level of proficiency rather than dominance. Those who achieve 
a high level of personal mastery have the ability to repeatedly produce the results that matter 
the most to them. Personal mastery is about committing to lifelong goals and to focus on the 
personal vision. An organization needs to leverage the interests and expertise of their 
employees instead of forcing them in certain directions. The company is only as strong as its 
employee’s capabilities and by focusing on promoting personal mastery the company can get 
both energy and commitment from the employees (García-Morales et al., 2007; Senge, 2006). 

Pictures, cognitive maps and assumptions about the world are the third cornerstone called 
mental models. The mental model guides the person towards choices and effects behaviour. 
The model gives direction on what can be done and how to access others. The mental map 
builds on prior experience and knowledge. In order to create development and change it is 
important to challenge these mental maps in order not to get stuck in out-dated patterns. 
Organizations can work with mental maps through enabling “learningful” conversations, 
which leads to the exposure and modification of people’s mental maps through the influence 
of other employees (Management Association, 2011; Senge, 2006). 

What successful companies have in common is that they often have clear goals and clear 
visions. The fourth cornerstone in Senge's (2006) theory about the learning organization is 
about the shared vision of a company and how it is built. The vision often gets stuck in 
leaders with a lot of charisma and efforts to dictate the vision often fails. A shared picture 
needs to be conveyed so that it creates genuine commitment to the task, to ensure that 
everyone is in on it and that it is not just pushed upon the employees. To achieve this, the 
company should bind the whole vision to a common company identity that even further 
emphasizes the vision (Senge, 2006; Wang and Rafiq, 2009). 

The final pillar is team learning. It is not uncommon that the team intelligence exceeds the 
one of the individuals alone. However team intelligence does not come straight from a co-
location of individuals into a team, but demands the act of team learning. Team learning can 
be described as the flow of meaningful dialogue through a group. A dialogue is preferred in a 
team learning perspective since it demands no winner or loser as a debate or discussion. 
Organizations should emphasize team learning by working against patterns that undermines 
learning such as defensiveness (Argote, 2012; Senge, 2006). 

Behavioural aspects are not merely individual, but influenced also by the structure. The 
structure in this sense is described as key interrelationships that adjust the behaviour over 
time. The interrelationships in a high tech company are not between employees directly, but 
rather between factors such as idea generation in product- and process development and 
managerial know-how. However the people within the structure can reform the structures 
because they are part of it. Unfortunately, these structures are seldom seen and therefore 
employees act according to them rather than to develop them (Senge, 2006).  
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2.4 Co-location 
Co-location can be defined as the locating of two or more functions or departments together in 
common facilities (Merriam-Webster Dictionary, 2014). The degree of co-location can be 
further explained according to O’Leary and Cummings (2007) as three different ways of 
dispersion. Spatial dispersion is the geographical dispersion of the team. Co-located teams 
usually experience little or no geographically dispersion and have regular face-to-face 
meetings in comparison to non-co-located teams which might be on different continents. 
Configurational dispersion refers to arrangement of employees between different areas. The 
employees can work in an open landscape, close to each other, in overlapping projects etc. or 
be spatially centred, butt isolated from each other through facility settings. The third type 
dispersion is temporal dispersion and refers to what extent the employees are working at the 
same time or if they are working during different work shifts or in different time zones 
(O’Leary and Cummings, 2007).  

2.4.1 Locational drivers 
Drivers that affect the choice of location can be divided into three main areas, see Figure 5. 
The areas are external drivers, intra-functional dependencies and cross-functional 
dependencies. External drivers are factors such as low cost labour, developed infrastructure 
and advanced local technology. The external view often has a large direct economic impact on 
the company, but the benefits are often industry-specific. Intra-functional dependencies arise 
within a certain function such as production or product- and process development (Ketokivi, 
2006).  

 

Figure 5. Illustrative figure of the relation between the external drivers, intra-functional 
dependencies and cross-functional dependencies 

But it is when looking at the cross-functional dependencies the co-location paradigm is most 
applicable. Cross–functional dependencies refer to interdependent functions between areas 
such as production and product- and process development. Decisions must be considered on 
both sides. The dependencies could be in the form of information, technology or materials as 
well as needs of joint problem solving. Effective cross functional integration is specifically 
needed in the new product- and process development and new product introduction phase 
(Ketokivi, 2006; Koufteros et al., 2005). 
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2.4.2 The effect of Co-location on the product and process development  
The trend has been to outsource functions mainly due to external drivers, virtual teams, which 
can be defined as spatially dispersed people working toward a common goal, have become 
more usual (Mbarika et al., 2004; Reed and Knight, 2010). There are a number of risk that 
needs to be taken into consideration when separating teams and implementing virtual teams. 
The risk with virtual teams that are related to communication is the insufficient knowledge 
transfer, lack of team cohesion, cultural and language differences, see Figure 6 (Reed and 
Knight, 2010).  

 

Figure 6 . Procentual risks of loss of knwoledge and team cohesion as well as cultural and 
language differences between co-located and dispersed teams 

Reed and Knight (2010) identified in their research that there was a significant difference of 
knowledge transfer between co-located teams and virtual teams. The risk occurs in a project 
when crucial details or knowledge is not transferred and the lack of ability to meet face-to-
face makes it much more difficult. Face to face communication also accelerates the creation 
of team cohesion. Some people can find it difficult to create a bond through exclusive usage 
of communication systems (Reed and Knight, 2010).  

Dispersed teams further have aspects such as different languages and cultural differences that 
have an impact on team collaboration and the communication. It can affect a project's 
performance when team members have different understanding of, for example, timeliness or 
deadlines. The ability to understand each other can be further hindered by inadequate 
technical resources for communication, such as the lack of costly video conferencing 
equipment (Reed and Knight, 2010) 
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It is suggested that there is an indirect relationship between co-location and performance and 
innovativeness (De Clercq et al., 2011; Kahn and McDonough, 2003). The physical proximity 
of co-location increases the interaction, shortens communication distance, provides good 
opportunities for successful and quick feedback loops, facilitates informal communication 
(Kahn and McDonough, 2003; Zenun et al., 2007) as well as shortens decision paths (Kahn, 
2013).  

Proximity in general  leads not only  to better team cohesion, which in turn mitigates 
unnecessary conflicts, but also speeds up the development process, generates more 
satisfaction among the employees and increases performance (Kahn and McDonough, 2003; 
Zenun et al., 2007).  

Something that usually fails in the new product introduction phase is coordination between 
departments. It is particularly important that decisions in the product- and process 
development are made in close conjunction with production in terms of product architecture 
and design (Ketokivi, 2006). Coordination of dispersed groups is an aspect that affects the 
performance negatively. This causes decision disagreements; problems with transferring 
knowledge, which in its turn makes it harder to reach goals. Even if the coordination itself 
wouldn’t be the problem, the distance between the groups results in time consuming efforts to 
communicate, which also negatively affects the performance (Hoegl et al., 2007; Kahn, 2013). 
Having product- and process development and production diverged from each other may 
delay the introduction of new products (Ketokivi, 2006). 

The need for co-location may be different in different phases of the development process. 
There is usually a need for co-location in the early phases of the process (Zenun et al., 2007). 
It is also of importance to differ between research and product- and process development the 
latter concerning more applied activities, according to Ketokivi (2006). Product- and process 
development are perceived to have a more direct link to production and hence a larger need 
for co-location (Ketokivi, 2006). 

Studies show that good communication between product- and process development teams is 
very important for productivity and improved by physical co–location between product- and 
process development teams. Results also demonstrated that the amount of communication 
increases significantly after teams are co-located. It was as likely to communicate within the 
own team as with the other teams which decreased the communication barriers (Van den 
Bulte and Moenart, 1998; Richtnér and Rognes, 2008). 

A distinction between routine and non-routine activities can be made within production and 
product- and process development. Routine activities arguably need no or less problem 
solving than non-routine activities and hence less need of co-location. Routine activities could 
be inventory management or product planning while non-routine could be continuous 
improvement of processes as well as ramp-up of new products (Ketokivi, 2006; Pisano and 
Shih, 2012). 
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Co-location leads to fewer issues connected to manufacturability and efficiency. Resources 
are generally better used, both in terms of manpower and machines. In general, these aspects 
shortening the production times and minimizes the need for redesign (Richtnér and Rognes, 
2008). 

Between the three drivers the external drivers, intra-functional dependencies and cross-
functional dependencies views there is always a trade-off between the benefits of each 
locational driver. Co-locating product and process development and production often force 
companies to give up on potential external benefits such as low cost labour. The problem with 
the dependency view is non-trivial since the views are often interfering, making all solutions 
suboptimal (Ketokivi, 2006). 

 

 

Figure 7. Summary of co-location theories  

Perceived benefits with co-location Researchers

Joint problem solving Ketokivi (2006), Koufteros et al. (2005)

Shorter decision paths Kahn (2013)

Team Cohesion

Kahn & McDonough (2003) Zenun et al. (2007)

Quicker feedback loops

Less unnecessary conflicts

Satisfaction among employees

Speeds up the development process

Increased informal communication

Increase performance Kahn & McDonough (2003), Zenun et al. (2007), De Clercq et al. (2011)

Increase innovativeness Kahn & McDonough (2003), De Clercq et al. (2011)

Fewer issues connected to production

Richtnér and Rognes (2008)Shorter production times

Recourse use

Increased amount of communication Van de Bult & Moenart (1998), Richtnér and Rognes (2008)

Decrease barriers



 

17 
 

3 Methodology 

This chapter presents the working process for this thesis, the literature and the empirical 
approach that was chosen and the methodologies that were used to conduct the study 
followed by a discussion regarding the validity and reliability of the study.  

3.1 The working process 
To get an overall picture of the thesis process an illustrative model was created, see Figure 8. 
Initially a problem formulation was developed in an area where there were limited studies and 
the needs for new investigations were necessary. When the formulation of the problem was 
defined, a literature review and a plan for the empirical research started. The literature review 
was important in order to comprehend the context of the area and to gain knowledge in order 
to be able to analyse the findings from the empirical research. 

The empirical research method contained three parts; interviews, a questionnaire and a 
continuous study. The combination of the different empirical research method parts was 
chosen in order to triangulate the results of the findings to increase the validity and the 
reliability. 

This process has entailed many feedback loops because while gaining more knowledge in the 
area the problem formulation became more limited and more focused. At last an analysis and 
discussion were conducted based on the results from the empirical findings and the literature 
review. The summarized results that are relevant to the research question were then collected 
in the report. But it is important to remember that the work with the thesis was not a linear 
process because many elements in Figure 8 were on-going simultaneously.  

 

Figure 8. The thesis process 
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3.2 The Literature review method 
To gather the latest knowledge in the area secondary sources were retrieved from databases, 
journals and web pages. The articles chosen were scientific journals accessed from the Royal 
Institute of Technology’s (KTH) own databases as well as on web-search-engine and 
specialized-search-engines for academic papers, such as Google scholar. Relevant published 
books were also retrieved and used from the Royal Institute of Technology´s (KTH) library.  

Even though the majority of the articles were from well-known journals, it was important to 
ensure the reliability by critically evaluate the relevance in relation to the area of this research. 
The evaluation was based on what methods and models that were used, how many test 
subjects that was included, how old the study was, what the end results were and to what 
extent in which other researchers have used the results (Diebel, 2006; Foley, 2011).  

The key words that were used to gather the secondary resources for the literature review were 
co-location, concurrent engineering, joint venture of R&D and production, communication in 
R&D, communication theories and learning organizations to name the most prominent ones.  

The findings from previous studies that included relevant information connected to the 
analysis of the situation in the area were then summarized and collected in literature review 
chapter 2. 

The literature review was a continuous process conducted parallel to all other activities 
throughout the research.   

3.3 Empirical approach 
The empirical approach that was chosen was a case study. Case studies are known to have 
high impact and create new insights. It’s because the research is based on observations on 
actual practices that allows questions like why, what and how to be answered (Voss et al., 
2002; Yin, 2003). The strategy with focusing the research on a single case study was to get 
the opportunity for a greater depth in the observation. This could be beneficial in the sense 
that there are limited empirical findings in this area and by focusing on a single case study the 
findings can become more value adding (Voss et al., 2002). 

The challenges with a case study approach are that it is time consuming and the interviews 
have to be executed thoroughly. The choice of focusing on just a single case study can also 
affect the generalizability of the findings (Voss et al., 2002). 

The company chosen for this case study is a successful research and development company 
that has its product- and process development co-located with their production, which is 
unusual in the high technology industry. The company´s product- and process development 
departments are as close as in the same building as the regular production.  
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3.4 The empirical research method 
The case study method in the empirical research was chosen to be qualitative. The qualitative 
research process does not contain a packaged design as in the case with a quantitative research 
process. Qualitative research processes are a mix of four main components, sampling design, 
data collection, data management and data analysis. The mixes between these depend on the 
research question and the process is iterative which is described below (Crabtree and Miller, 
1999). A qualitative research approach is used because what questions to ask are not clear and 
the study focuses on the individual knowledge and expertise (Creswell, 2009). 

In this study three types of data collection methods have been used, interviews in three 
different rounds, a continuous study and a questionnaire. The continuous study and the 
questionnaire were ongoing simultaneously in order to measure both the perceived and the 
actual levels of interaction. The empirical process is illustrated in Figure 9. It is good to have 
a mix of different research methods through triangulation in order to increase the study’s 
internal validity (Gibbert et al., 2008).  

 

Figure 9. The empirical process model 

 

3.4.1 The first interview round 
In order to gain understanding and create the sample design initial interviews were conducted 
at the company. The interviews sought to get an understanding about how the company 
works, the corporate structure as well as general information that was needed in order to map 
the empirical study. As mentioned earlier interviews should not be taken casually upon even 
though it might seem to be trivial to execute an interview. Since the human factor has a bigger 
influence in interviews than in surveys it was important to thoroughly conduct the interviews 
in a conscious way, because interviews done with care can produce good data (Hannabuss, 
1996). 
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The initial interviews were chosen to be open-ended because that would preferably generate 
the most unbiased answers since the knowledge about the area and about the company was 
still vague (Fowler, 1995). The questions were divided into different areas according to the 
initial understanding of the problem, see Appendix I. The questions were written in such a 
way that it gave the freedom to the interviewee to answer as they preferred and not be led in 
any particular direction. 

During these interviews there were always two interviewers present every time, which is a 
good way to mitigate interviewer bias, by having two versions of the same interview, which 
increases the reliability (Eisenhardt, 1989).  

The interviewees in the first round were from different departments with different roles and 
responsibilities, for example production manager, manufacturing engineer manager and 
supply chain analyst. They were chosen in order to get as broad perspective of the company as 
possible, since the business is very complex. In the beginning the interviewees were 
deliberately chosen to be senior management to get general information about the company 
and about its internal structure. Connecting with senior management was also beneficial 
because they knew who in the company that might have the knowledge to answer further 
questions (Voss et al., 2002). The interviewees can be seen in Table 1, where it is also 
indicated in which rounds they participated and how many times in total. 

Table 1. Interviewees 

Title Phase Total number of occasions 
Manager manufacturing engineer  1, 2 3 
Production manager  1, 2 2 
Supply chain analyst  1 1 
Project manager engineering for R&D 2 1 
Senior R&D engineer  2 1 
R&D engineer 1 2, 3 2 
R&D engineer 2 2, 3 2 
R&D engineer 3 3 2 
Project manager engineering  3 1 
Reliability engineer  3 1 
Manufacturing team leader test  3 1 
Production operator   1  3 2 
Production operator   2  3 2 
Production operator   3  3 2 
Production operator Test 1 3 1 
Production operator Test 2 3 1 
Production operator Test 3 3 1 
Production operator Test 4 3 1 
Total   27 
 

3.4.2 The second interview round  
In the second round some of the interviewees from the first round, who had roles within the 
areas of production and product- and process development, were interviewed again because 
they were the focus of this study, see Table 1. Senior management with many years of 
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experience was also interviewed since they had a broad knowledge about both the present and 
historical work routines. The use of historical data is often preferred even when doing studies 
on current cases to gain a broader understanding (Voss et al., 2002). Some new interviewees, 
who were suggested by senior management, were also selected. In this round the interview 
questions were semi-structured and based on the knowledge gained from the literature-review 
as well as the interviews from the first round. A division of the question into subjects was 
done as in round one in order to create a structure to follow.  

The purpose of the second interview was to put the findings from the first interview in context 
to get a broader understanding as well as to cross check the answers in order to increase the 
reliability and validity of the results. 

The semi-structured approach was used because the general knowledge about the problem and 
the question areas were known but the specific knowledge was still vague. The semi-
structured approach was also used to eliminate biased answers by having too specific 
questions as well as open up the possibility to ask follow up questions (Alvesson, 2003). 
Questions asked during the second phase can be seen in Appendix II.  

As in the first phase, there were two persons at each interview, but now the interviews were 
recorded as well, when it was allowed due to confidentiality, to facilitate taking notes. One 
interviewer focused primarily on asking the questions and one to write down the answers in 
order to get the interview to flow more smoothly and not to forget important questions 
(Eisenhardt, 1989). This was also done to easier be able to go back afterwards and minimize 
risks of mistakes. Both interviewers summarized the interview and jointly made a single 
interpretation of the findings from the interview as soon as possible after it was conducted. 
This was done in order not to miss out on any information that one interviewer might have 
missed and to get a more coherent interpretation of the interview to increase the reliability of 
the study. 

3.4.3 The continuous study of patterns 
A continuous study of the interaction patterns was thereafter developed. The participants were 
asked to mark every communication activity or contact they had with colleagues, regarding 
work, from other departments for a period of two weeks. The employees drew a line to mark 
with whom and in which contexts they had been in contact with a co-worker spontaneously or 
planned as well as face-to-face or digital communication. The form for the continuous study 
was designed so that it would be as easy to understand as possible in order to eliminate 
misunderstandings. The form can be seen in Appendix III.   

The continuous study sought to get the actual level of interaction to be able to compare it to 
the questionnaire, which focused on the assumed level of interaction. The two studies were 
done simultaneously in order not to bias the questionnaire by a difference in workloads. It 
also intended to answer the questions; where the interaction occurred, if it was planned or 
spontaneous and in which context in order to triangulate the answers and get a more valid and 
reliable result (Gibbert et al., 2008). There were a total of 18 participants and an equal 
distribution between operators, R&D engineer and process engineers. 
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3.4.4 The questionnaire 
A questionnaire was used in order to extend the number of sources to increase the construct 
validity of the study (Yin, 2003). The questions in the questionnaire, which can be seen in 
Appendix IV, were derived from the round one and round two interviews as well as the 
literature review. The questionnaire was conducted through an online based form and was 
sent out to 60 employees within the areas of process and product development as well as 
production. In total 38 employees answered the questionnaire. It was intended to emphasize 
the outcomes of the interviews and investigate if the findings were a general perception within 
the company in order to validate the results from the interviews (Gibbert et al., 2008). The 
study measured the perceived level of interaction as a complement to the continuous study 
that measured the actual level of interaction. 

3.4.5 The development of the continuous study of patterns and the questionnaire 
In the development of the continuous study and the questionnaire a focus group meeting was 
conducted together with managers from the various departments that were involved, the 
participants in the focus group can be found in Table 2. The purpose with the meeting was to 
ensure that all relevant elements were included and described so that the participants would 
understand the meaning and the objective of the continuous study and the questionnaire as 
well as to minimize misinterpretation due to badly formulated questions (Fink, 2012). 

Table 2. The participants involved in the focus group 

Title    
Plant manager   
Manager manufacturing engineer   
Senior Manager operation   
Production manager  Acting supervisor from the company 
Manager production   
Supply chain analyst  Acting supervisor from the company 
 
The senior management that participated in the development of the study was not part of the 
study itself, hence they might be biased by making the questions they would answer. The 
feedback from the focus group on the questionnaire and the continuous study was sent out for 
two feedback rounds. One prior to the focus group meeting, to ensure that the group had 
enough information to give constructive feedback, and one after the group meeting to clarify 
that the comments had been understood correctly. Further, information meetings were 
conducted before launching the continuous study and the questionnaire with all the potential 
participants. During this meeting the participants received a detailed briefing on how to 
conduct the continuous study and the questionnaire. It was also provided an initial possibility 
to ask questions if something was unclear or incorrect. The goal with the briefing was to 
eliminate potential misunderstandings that could generate false results in the study, in order to 
increase the reliability of the study. 
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3.4.6 The third interview round  
In the third round some selected employees that had participated in the continuous study were 
interviewed, see Table 1. The goal was to ask follow up questions in relation to the results 
from the continuous study and some of the results from the questionnaire. The participants 
that were chosen for the interviews were from different departments and were identified as the 
ones that had most interactions with co-workers from other departments. The structure of the 
interviews was semi-structured so that follow up questions were possible. The questions can 
be seen in Appendix V. The third interview round was also conducted in order to establish if 
the gained perception was correct to eliminate possible misunderstandings (Patton, 2002).  

3.4.7 Data analysis 
Data from the study was evaluated both qualitatively and quantitatively. The data from the 
continuous study were collected daily and summarized by hand. The data from the whole 
study was considered, however, some obvious misconceptions in the continuous study, where 
the employees had filled in the questionnaire wrong, for example had forgotten to fill in 
names of colleagues, making it impossible to use the answers, were removed from the data 
analysis.  

Those answers that only included interaction among employees within the same working 
group were also excluded, since the study measured interaction between and not within 
working groups. The total number of removed answers was very few, below 3 %.  

Data from the questionnaire was collected through the online form and summarized by the 
program in graphs for all participants; no distinction between participants from different 
departments were done, but rather looked upon the case as a whole group because it would 
create an understanding of the general perception of the company.  

The interviews in each round were summarized and discussed jointly and an interpretation 
was made. Both citations and summaries of the interview were used as results 

3.5 Reliability 
It is not possible to account for some misleading answers, with standard deviation and 
expected value, in a qualitative analysis (Alvesson, 2003). And since the number of recipients 
might be few in comparison with quantitative analysis where it is easier to even out false 
answers (Alvesson, 2003). In order to mitigate the risk of false answers interview techniques 
such as repeated interviews and similar questions to different interviewees were used 
(Morgan, 1997). Several interviews in different rounds were also conducted in order to create 
even more reliability in the answers. A source of error might be the interpretation of the 
interviewee's answers, this has been mitigated through follow up interviews where the 
interviewees have been asked to confirm the findings (Patton, 2002). The interviews were also 
assured to be held in an environment where the interviewee felt safe and secure and could 
speak freely (Seidman, 2013). 
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In an interview the answers may conflict with the interviewees mindset and therefore they 
might in content or not give the wrong answers, either as a lack of experience or as a strategy 
for maintaining a good reputation (Alvesson, 2003). To assure that the interviewee was not by 
any means hindered by law or code of conduct to give the right answers, the interviewees 
were assured that they would stay anonymous in such terms that only the title would be 
presented in the report. The raw material would neither be shared with the rest of the company 
or be a part of the report.  

3.6 Validity 
In the study interviewees with many years of experience, who should have the best knowledge 
of the company about this particular subject were chosen (Voss et al., 2002). By using 
different ways of reaching the same results, through interviews, questionnaires as well as a 
continues study at the company, the results were triangulated which increases the internal 
validity of the study (Gibbert et al., 2008). Higher external validity has been reached through 
conducting multiple interviews with people from different areas in order to create a 
representative design and representative sample to ensure that the general opinion matches the 
individual (Ondercin, 2004). 

The sample size of the questionnaire was too low to draw any statistically significant results 
from the study, however, more than 50% of the employees from the product and process 
development as well as the production departments participated in the study which suggests 
that the sample might give some direction on the actual company. 

3.7 Ethical issues 
As in all research the ethical aspect is important to consider, in this study there were no 
personal questions that could be considered to be disturbing or ethically incorrect. There is 
always a problem when assuring confidentiality and privacy, but this has been done by 
removing all names from interview material that could potentially be accessed by others as 
well as removing potential recognition in the report by only using the interviewee’s titles 
when referring. The interviewers have also tried to be as objective as possible in order not 
take on dual roles or choose sides (Allmark et al., 2009). 
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4 The case company 

This chapter includes a general description of the case company, an explanation on how the 
company’s product- and process development looks like and the company’s communication 
alternatives. 

4.1 A general description of the case company  
The case company is a global company that designs, manufactures and delivers approximately 
500,000 different products, different systems and solutions in over 150 countries. The 
products protect and transfer power and data inside millions of solutions both used by 
industries and consumers. The company has four market areas which are; transportation, 
networks, industries and consumers. 

This study is conducted at the case company’s factory in Sweden, which develops, designs, 
manufactures and delivers advanced fibre optic products. The company’s departments are all 
spatially as well as configurationally and temporally co-located (O’Leary and Cummings, 
2007). The case company is today one of the leading production sites of the components 
called VCSEL, PINs and glass sheets (Project manager engineer for R&D; Manager 
manufacturing engineer). The VCSEL (Vertical cavity surface emitting laser) is a transmitter 
that improves efficiency and data speed in fibre optic communications products (Robertson, 
2005), the PIN (Positive Intrinsic Negative diode detectors) converts both analogue and 
digital signals to optical pulses (Lightel, 2014) and the glass sheets that are a support 
component in the development of the aforementioned components (Project manager engineer 
for R&D; Manager manufacturing engineer). 

The case company has tried to outsource the production of some of their less complex 
components to focus on the core development, the more advanced components. They have, 
however realized that there are no suppliers that can match their high standards yet and that 
the knowledge within the company is too valuable (Manager manufacturing engineer, Supply 
chain analyst). The external driving factors for co-location are therefore low in favour of the 
cross-functional factors which is something that is clearly shown by this choice to stay co-
located (Ketokivi, 2006). 

4.2 The case company’s product- and process development  
The company is developing typical integral products in a job-shop environment where the 
interfaces are complex and tightly connected and dependent on each other (Van den Bulte and 
Moenart, 1998; Hong and Park, 2014). The employees involved work closely and parallel 
with each other, which is necessary when changes in one of the component's design may 
affect another, see Figure 10. The case company has created effectiveness in the process as 
Kennedy and Ward  (2003) suggested. This way of working is identified as concurrent 
engineering (CE) and benefits the company’s possibility to shorter development and lead-time 
frequently through over-lapping development activities (Fine et al., 2005). Below is an 
illustrative Figure that shows how the case company’s product- and process development 
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looks like, including the feedback loops/communication patterns between the different 
departments, see Figure 10. 

 
 

Figure 10. A model of the case company’s product- and process development (R&D) process 

The case company’s product- and process development (R&D) consists of three main 
departments; product, process and operation (Manager manufacturing engineer, Project 
manager engineering for R&D). The "product" department includes the first two stages of 
Rosenstein's (2013) product development process, the concept generation and the product 
planning, illustrated in Figure 11. 

  

Figure 11. The stages of the linear product- and process development (Rosenstein, 2013) that are 
included in the product department. 

In the product department the R&D engineers are developing configurations based on future 
demands that are known and expressed by the company’s customers as well as other new 
value adding functions (Liu et al., 2009; Wang, 2012). To give an example they improved the 
efficiency of the energy consumption of the product making it possible to construct the 
product more tightly (Manager manufacturing engineer; Project manager engineer for R&D).  

This is a challenging part of the development process where the R&D engineers are 
constantly trying to bring new innovative products, which have never been developed before, 
to the market in order to stay competitive. The product department can, in its turn, be divided 
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based on the main components or compositions of the end product and the division of 
responsibility are based on the employee’s knowledge of the area in question (Project 
manager engineer for R&D; Senior R&D Engineer; R&D engineer 1,2). 

When the R&D engineers in the product department have agreed upon a design on a 
component or composition (Kahn, 2011), the drawings are sent to the second department 
(Senior R&D Engineer). The second department "process" includes Rosenstein's (2013) 
product engineering and process engineering stages, see illustration Figure 12. 

 

Figure 12.  The stages of the linear product- and process development (Rosenstein, 2013) that are 
included in the process department. 

In this department the process engineers rewrite the drawings into “production recipes”. The 
“production recipe” describes the sequence of the operations that needs to be performed in 
order to develop the given component or composition. The difference in this stage is that the 
case company doesn't have to re-plan the facility structure or plan new investments in the 
form of machines because they work with incremental changes. Incremental changes or 
innovations are modifications and updates of products that already exist on the market 
(Arvidsson, 2013). The company develops updates that improve performance and reflections. 
They can therefore produce their prototypes/future products in the same line of machines with 
only small process changes and small additions to the existing software (Zhou, 2012;R&D 
engineer 1, 2). 

This department is also divided, accordingly to the different production operations needed to 
create the components or compositions and the employees are subdivided accordingly to their 
expertise (R&D engineer 1, 2). The process engineers are in addition to this responsible for 
ensuring that all machines are working properly at all times, because the precision of the 
machines plays an equally important role in the product development and the end result as the 
design itself (Production operator 2). Occasionally, when no major change in the sequence of 
the operations or the design can the responsible R&D engineer also rewrite the production 
“recipe” directly, but it depends on which component or composition that it involves (Senior 
R&D Engineer).  
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At last the "operation" department that is divided into production and test and contains the 
(Rosenstein, 2013) stages, a part of the product engineering, the process engineering and the 
production of  finished products,  see illustration Figure 13. 

 

Figure 13. The stages of the linear product- and process development (Rosenstein, 2013) that are 
included in the operation department. 

The reason why the product engineering stage is partly included in the operation department 
as well is because the operators in the operation department develops and tests the prototypes 
in the same production line as the regular products (Manager manufacturing engineer; 
Production manager).  Through producing and testing the prototypes in the same line the 
company is using the fluctuation in the market too its benefit. This is done through increasing 
the product- and process development in times of low production and lowering it in times of 
high production (Manager manufacturing engineer, Reliability engineer). This increases the 
flexibility and decreases the resource usage for the company.  

The prototypes are produced according to the recipe that is given from the R&D and process 
engineers and get tested to ensure that they reach the required levels of performance, 
effectiveness and quality (Ortloff et al., 2014). These results are then sent back to the process 
and product departments. Analyses are executed, if the prototype does not live up to the 
requirements, in order to identify if the problem lies in the design or in the production process 
(Manager manufacturing engineer). This is an iterative process where the design and the 
production process can be modified and retested again and again in order to reach the desired 
results. It is therefore important to have continuous feedback loops when a change in the 
design or process of one component in the product easy can affect both the performance and 
the effect of the others, see earlier presented Figure 14 (Manager manufacturing engineer; 
Reliability engineer; Senior R&D Engineer). The lead-time for a product is therefore as long 
as twelve weeks.  
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4.3 The case company’s communication alternatives 
The communication alternatives used in the feedback loops can be divided into two main 
areas, physical and digital. The physical communication includes all interactions that are 
associated with face-to-face communication such as planned and spontaneous meetings. 
Planned communication is typically project meetings, weekly meetings and follow up 
meetings etc. while spontaneous meetings could be meetings in hallways, discussions during 
lunch or breaks as well as visits to a colleague's office without planning in advance (Senior 
R&D engineer, Reliability engineer).  

 
The digital communication channels that exist are IT- systems, e-mail, chat functions and 
video conferencing etc. The IT- systems today are mainly built to deliver raw data in excel, 
for example test results from the life expectancy machine or reflection values collected from 
the test area in the operation department. E-mail and the chat function Lync enable employees 
to send important information, plan meetings and ask questions both within and between 
departments (Manager manufacturing engineer). The chat function also alerts if the co-worker 
is busy or in a meeting and thereby harder to get in touch with (Production operator test 4). 
 
On top of this the company has a very developed video-conference room which consists of 
multiple screens cameras and microphones. This conference room is built to enable better 
communication with other facilities in collaboration projects. The strategy with the advanced 
system was to recreate the mimic in a face-to-face communication situation as close as 
possible (R&D engineer 1).  
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5 Empirical findings and analysis 
In the following chapter the empirical findings are presented and analysed in compliance with 
the literature review. 

5.1 The case company’s communication patterns  
To map the communication patterns in the co-located environment two methods were used, a 
continuous study and a questionnaire. The empirical data from the continuous study, which 
was on-going for two weeks, generated data on the actual number of communication 
occasions occurring at the company between the departments, while the questionnaire 
collected data on the perceived amount expressed by the employees.  

5.1.1 Findings from the continuous study  
The results showed that physical meetings were more frequently occurring than the use of 
digital communication alternatives. The relation between the two communication alternatives 
in total at the case company was 64% physical- versus 36% digital communication. Physical 
meetings were the most common type of communication when dividing the communication 
occasions into communication between specific departments. Figure 14 illustrates the 
communication patterns between the departments and the relation between physical-meetings 
and digital alternatives between the various.  

 

Figure 14. The figure illustrates the amount of physical-meetings/digital communication between 
the various departments 
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Further the physical meetings can be divided into spontaneous versus planned meetings. The 
results showed that spontaneous meetings between departments in hallways, during 
coffee/lunch and visits to the office/production are much more common than planned 
meetings in the everyday work. The difference was as big as 86% (un-planned meetings) 
versus 14% (planned meetings). The most common way of spontaneous communication was 
that the co-workers visited each other’s work stations to discuss work related subjects, for 
example that the engineers went down to the production (82% of the un-planned meetings), 
after that it was common to meet over the coffee break (10% of the un-planned meetings), 
lunch and in hallways (4% each of the un-planned meetings).  

Continuously the data revealed that the planned versus spontaneous meetings were more 
common depending on which departments it involved, see Figure 15. For example, between 
the product and operation departments as well as the process and operation departments were 
90% and more of the communication occasions spontaneous (un-planned meetings). In 
difference to the communication occasions between the product and process departments 
where the amount of planned meetings was more frequently occurring than spontaneous un-
planned meetings with a relation such as 64% (planned) and 36% spontaneous (un-planned 
meetings).   

 

Figure 15. The graph illustrates the relation between the spontaneous (un-planned) and planned 
meetings at the case company 

5.1.2 Findings from the questionnaire  
The questionnaire was used to create a general picture of how often the employees perceived 
they discussed work spontaneously with co-workers. The results showed that 47% of the 
participants discussed work spontaneously several times a day, 18% answered at least one 
time a day and 18% answered that they discussed spontaneously at least a couple of times a 
week, see Figure 16. The result revealed that the perceived amount of communicative 
occasions at the case company in general coincided with the data that were presented from the 
continuous study. 
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Figure 16. The graph illustrates how often an employee visits a co-worker´s workstation 

spontaneously 

Furthermore the employees were asked, in the questionnaire, if the amount of spontaneous 
communication occasions differed depending on the workload. Regarding a historical event 
the employees expressed different opinions depending on position and what department they 
belonged to. For example, during an intensive product- and process development period the 
R&D engineers expressed that they had less time to engage in spontaneous interactions 
regarding regular production of other products. It was the same during a period when the 
production was under high pressure with upcoming deadlines and the product- and process 
development became less of a priority for the operators. During intense periods the employees 
explained that people tend to focus on their own work tasks and don’t have time to spare and 
help others in the same extent. The spontaneous interactions that occur in those periods were 
directly related to the shared problems and the desire to solve these as efficient and quickly as 
possible, in contrast to a low intensity period when they have time to help and be engaged in 
solving some more general problems.   

The choice of communication channels also shifted with the workload for some employees. 
When they didn’t feel they had the time to go and fetch someone to discuss their questions 
with, they used digital channels instead. The problem with that was occasionally that they 
didn’t receive a response as quickly as desired. The difference in spontaneous interactions is 
of course also depending on the employee that other co-workers are trying to get hold of, 
because some co-workers prefer to work ad-hoc while others want to be scheduled for a 
meeting. 
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5.1.3 The causes for the choice of communication 
It is perceived to be easier to describe and discuss a matter or a problem in a face-to-face 
meeting rather than in digital terms (Senior R&D engineer, Reliability engineer). According 
to a senior R&D engineer, using digital communication require a lot of extra work for the 
sender since they have to thoroughly describe their preconditions as well as their 
understanding and are unsure if the receiver interprets the message in the right way. Using 
face-to-face communication minimize theses interpretation errors as well as saves time for 
both the sender and receiver, because the receiver can show misunderstanding and get the 
problem more thoroughly explained (Senior R&D engineer). The digital communication 
alternatives are therefore more often used to see if a co-worker has time for an un-planned 
face-to-face meeting (Production operator test 2, 3). 

Continuously, the participants explained that the amount of spontaneous interactions is a 
result of the company’s culture and the managers’ encouragement of this choice of 
communication (Reliability engineer, Production operator test 1). As an R&D engineer 
expressed: 

“Generally spontaneous interactions could hardly be avoided even if one would like, unless 
you are actually hiding from it. This has of course its benefits and drawbacks when 

spontaneous interactions can disturb the concentration when working with a very demanding 
task” - (R&D engineer 1) 

The planned meetings in its turn are mostly weekly meetings where strategies, deadlines and 
general up-dates are being shared among the employees in the same team or between 
departments. But these meetings don’t usually give scope for general problem solving when 
they are mostly direct information meetings (Reliability engineer).  

At some phases of the product- and process development the engineers are in contact with 
other departments outside the company as well as with other production units that create part 
of the product. This communication should naturally be done through digital video 
conferencing rather than through physical communication (R&D engineer 1). But according 
to one of the executive R&D engineers the video conferencing room is barely used and people 
often fly in instead to get a real face-to-face meeting (Project manager engineer). 
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5.2 Analysis of the case company’s communication patterns 
In the following chapter the findings are analysed in compliance with previous research that 
has been collected in the literature review.   

5.2.1 The causes for the choice of communication 
The choice of communication identified, facilitating informal meetings between different 
departments, is probably because the case company is producing integral and complex 
products that need a high performing product- and process development (Ahimbisibwe and 
Nangoli, 2012) The productivity depends on the frequency of intra-project communication 
both formal and informal (Ahimbisibwe and Nangoli, 2012; Carrière and Bourque, 2009) and 
higher communication frequency the better the performance (Brodbeck, 2001; Smith, 2012). 

The short communication distance created through co-location indicates as earlier researchers 
perceived an increased amount of interactions probably because it facilitates formal and 
informal communication (Kahn and McDonough, 2003; Zenun et al., 2007). The facility 
design with shared coffee-break rooms, lunch areas and the possibility to go down to 
production is opening up more communication opportunities when it enables employees to 
meet casually and spontaneously according to Van den Bulte and Moenart (1998). 

Further, an interesting pattern that was identified was the difference in choice of 
communication channels and communication intensity when the production or product- and 
process development intensity changed. When the production was under pressure with many 
deadlines the product- and process development intensity was low because the product- and 
process development is executed in the same production line as the regular production. In that 
period the amount of spontaneous communication occasions decreased and switched to digital 
communication. In contrast to the period when the product- and process development 
intensity was high and the regular production didn't have as many deadlines, the 
communication increased between the departments and along the face-to-face communication 
and spontaneous meetings. The amount of spontaneous un-planned meetings corresponds to 
the intensity of the product- and process development, which is not surprising since it is the 
development that mostly contains non-routine activities (Ketokivi, 2006), that needs to be 
discussed.  

Physical communication is considered important for the case company since it often takes 
longer time to get a response through digital communication alternatives, such as e-mail 
(Production operator 1, Production operator test 4). Because the operators in the production 
share the computers between them and have shared log-ins, which makes it less efficient to 
use digital communication alternatives to reach a specific person (R&D engineer 3). 
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5.2.2 Which are the general communicational benefits? 
As Begley (2004),  Hamilton (2013) and Kupritz and Cowell (2010) emphasized, face to face 
communication gives immediate feedback and enables employees to interpret non-verbal 
communication such as hand gestures, moods and intonation, which also is one of the biggest 
reasons why people choose face-to-face communication instead of digital communication.  
(Reliability engineer, Senior R&D engineer, R&D engineer 2).  

The face-to-face communication is still a powerful interaction, and can almost never be 
perfectly replaced by non-physical communication (Begley, 2004; Hamilton, 2013; Kupritz 
and Cowell, 2010).  

This can also be seen in Hamilton's (2013) and Kerzner's (2013)  process of communication 
where the structure of communication is described. An important part of this is the format of 
the message; hence it should be coded and decoded by different persons with different 
knowledge, which is perceived easier in face-to-face communication than with digital 
communication. Digital communication in a business setting is also often formal, with 
absence of emoticons and pictures in messages, increasing the risk for misinterpretations 
(Knapp et al., 2013).  

By working closely and in parallel, interacting often and in a more casual way employees 
further explained that they get to know each other better. The choice of communication due to 
proximity has resulted in a better team cohesion between co-workers as Kahn and 
McDonough (2003) as well as Zenun et al., (2007) suggested. Face-to-face communication 
has accelerated the process of creating team cohesion (Reed and Knight, 2010). The 
relationships between employees have decreased communication barriers such as attitudes, 
knowledge, social system etc. (Hamilton, 2013; Kerzner, 2013).  The better team cohesion is 
presided to make it easier to execute work tasks because the employees feel that they can ask 
and discuss issues as they come along. The environment has created respect between 
employees and for their specialization.  

 “It makes me feel respected and confident when I pitch an idée to my co-worker and I can see 
that they really listen” (Production operator 2). 

They further gained a better understanding of their co-workers responsibilities and work in 
general (Senior R&D engineer). It has also generated more satisfaction among the employees 
when they were more involved in the process (Kahn and McDonough, 2003; Zenun et al., 
2007). 

The case company emphasizes some of the fundamental aspect with a learning organisation, 
according to Senge (2006), such as team learning, personal mastery and the correlation of 
employees’ cognitive maps (García-Morales et al., 2007; Senge, 2006). The learning 
environment builds upon relationships between co-workers that are willing and engaged to 
help one another to solve problems and understand the different departments' challenges and 
limitations  (Gharajedaghi, 2011; Quinn, 2005; Senge, 2006). Promoting communication has 
been shown to create understanding of interrelated activities and  let teams jointly reflect and 
adapt to changes as well as improve cooperation (Hirst and Mann, 2004; Jacobsen et al., 
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2014; Kim and Kang, 2008). It is well established in the company’s culture and creates good 
team cohesion (Kahn and McDonough, 2003; Zenun et al., 2007). 

Challenges and limitations could for example be deadlines, financial limitations or machine 
capacity in the production. When an idea on paper does not work in reality, there is an 
understanding of the complexity and importance of a well-functioning process when it can 
come to affect the results at least as much as the design itself (Kahn and McDonough, 2003). 

 Personal mastery describes as important for a company to create a learning organization 
(García-Morales et al., 2007; Senge, 2006).And this is clearly an aspect that the company has 
focused on, where many of their employees are experts in their area (Senior R&D engineer). 
This however needs to be supported by good team learning, which is another of Senge's  
(2006) and Argote's (2012) aspects for a learning organization. Team learning is facilitated by 
the fact that the company is collocated, which increases the informal communication and 
facilitates face to face meetings as well as strengthens team cohesion (Kahn and McDonough, 
2003; Zenun et al., 2007). Informal communication is also essential for innovation (Hoegl and 
Gemuenden, 2001; Smith, 2012). This in turn leads to dialogue, which is an important part of 
team learning (Argote, 2012; Senge, 2006). 

The general identified benefits related to the communication patterns are summarised in 
Figure 17. 

 

Figure 17. The general identified communication related benefits in a co-located environment 

5.2.3 How communication patterns affect the efficiency of product- and process 
development 

In the product- and process development, which mostly contains non-routine activities, 
employees tend to use face-to-face communication to a larger extent than with their routine 
activities (Ketokivi, 2006; Pisano and Shih, 2012). In their non-routine activities, for example 
a developmental issue, the way of analysing the message between the communicators is not 
defined, thus it is needed for the sender to explain the background in a way that the receiver 
can understand how to interpret the answer (Senior R&D engineer), which explains the 
identified need for un-planned spontaneous meetings. Hence it is not surprising that the 
number of face-to-face communication occasions was more frequently occurring when 
complex tasks requires more face-to-face intra-project communication (Smith, 2012).   
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Spontaneous non-routine activities occur when employees take the opportunity to clarify 
tasks, discussing problems or decisions when they happen to walk past someone in the 
corridor, at a coffee break or at a co-worker’s workspace (Production operator 2, Production 
operator test 1).  

The spontaneous meetings provide the company with quicker feedback loops in an on-going 
development, as a senior R&D engineer explained it.  

“The feedback loops gives knowledge of the problems that arises quicker, which means that 
we can process them earlier” - (Senior R&D engineer). 

This is in line with Kahn (2013), Kahn and McDonough's (2003) and Zenun et al.'s (2007) 
idea that co-location creates quicker feedback loops and shorter decision paths between the 
departments and results in a faster development process. 

The perceptions among the employees are that the product- and process development 
wouldn’t work as well without the spontaneous interactions. It would be more difficult to plan 
a project in such detail that spontaneous contacts were not needed (Senior R&D engineer). It 
is also easier to describe a problem through demonstrating it while interacting  
(R&D engineer 2).  

It is vital to be able to make small changes and taking quick decisions, which also is one of 
the explained reasons for all spontaneous meetings.  

“The plan for the day can change many times and when that happens we must get approval 
for the change from responsible engineers and that is often in the form of a spontaneous 

meeting“ - (Production operator 3). 

In their routine activities, such as sharing of test results or regular updates on products, the 
structure of the messages is more established through documentation systems (Senior R&D 
engineer). Planned meetings are usually routine activities and can be defined as administrative 
communication character in opposite to spontaneous communication, which usually are of 
non-routine character and can be defined as problem-solving communication (Johnson-Eilola 
and Selber, 2012; Kupritz and Cowell, 2010). 

The differentiation between administrative- and problem solving communication corresponds 
well with Ketokivi (2006) and Koufteros et al., (2005) assumed perception of increased joint 
problem solving between co-workers due to a co-location, which provides the company with 
good opportunities to speed up the development process.  

Face-to-face meetings were the most common communication alternatives among the 
departments, however, a difference in the variety of planned versus un-planned meetings were 
identified. The findings showed that there are more planned meetings between the process and 
product departments than between process-operation and product-operation, hence there is not 
the same need for un-planned spontaneous problem solving meetings. Presumably the product 
and process department are more dependent on being co-located to the operation department 
than to each other, especially when the majority of the un-planned spontaneous meeting was a 
visit to a co-workers workplace and the production floor.   
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Continuously, the participants were asked, in the questionnaire, how the spontaneous 
communication occasions affected their work with the product- and process development. The 
majority believed that these spontaneous communication occasions made it easier for them to 
execute their work. The spontaneously un-planned meetings reduce the waiting time to 
continue working when it enabled them to get help and answers to their questions much 
faster. For example, if an issue arises for a time-pressured task and the need for help is 
essential the employees can visit the co-worker responsible for the product or composition 
and get an answer on how to proceed straight away (Production operator 3). 

The employees also expressed that the spontaneous communication occasions contributed to 
the generation of more ideas (Reliability engineer; Product operator 3; Smith, 2012). When an 
operator, for example, detects a differentiation in the production or in test data they alert the 
responsible product- and process development engineer giving them the opportunity to “go 
and see for themselves” (Senior R&D engineer, R&D engineer 3). The operator then has a 
discussion together with that responsible engineer about how the differentiation came about 
and if it is a problem related to the design or the process itself (Production operator 2). 
Employees in the operation department occasionally also raise new ideas related to the 
production process based on their years of experience “know-how” that enlighten new 
opportunities and lessons to be learned for the product- and process development engineers, 
that in other scenarios could get lost, which has been shown to have a positive impact on 
companies product- and process performance (Johnson-Eilola and Selber, 2012). 

The engineers at the case company believe this is a big advantage and sees the operators as an 
excellent extension to the product- and process development (Reliability engineer, Senior 
R&D engineer The cross-functional cooperation is therefore generating value both ways as a 
reliability engineer expressed: 

 “There are a lot of competences among our co-workers and by working close we can really 
utilize it”- (Reliability engineer)  

The identified benefits related to the communication that affect the product- and process 
development are summarised in Figure 18. 

 

Figure 18. The identified communication related benefits that affect the product-and process 
development in a co-located environment  

Identified benefits related to 
communication in a co-located 
environment 

Proved benefits form 
previous studies 

Added benefits
from this study 

Researchers

Joint problem solving Ketokivi (2006), Koufteros et al. (2005)

Shorter decision paths Kahn (2013)

Quicker feedback loops Kahn & McDonough (2003) Zenun et al. (2007)

Idea generation Louise Hörnberg & Mikael Gnospelius
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6 Summary and Conclusions 
This chapter will conclude the findings from the study and present them divided into three 
areas, communication, culture and facility. Two models for implicational purpose will be 
developed and described. 

At the case company face-to-face meetings were frequently occurring in relation to digital 
communication alternatives. Of the face-to-face meetings un-planned spontaneous meetings 
were continuously discovered to be more frequent than planned meetings. The digital 
communication channels are mainly used for administrative communication, to get answers to 
more routine questions or collecting raw data. The main reason for the spontaneous meetings 
was communication of problem-solving character where the employee wanted to discuss or 
clarify non-routine tasks in order to eliminate potential mistakes or highlight areas of 
improvements and make quick decisions. 

The findings have revealed a series of benefits related to the communication patterns. The 
study has also identified other benefits such as knowledge sharing between departments in 
both directions, the creation of a learning organization, idea generation and better 
understanding for other departments’ limitations. A compilation of all the benefits that have 
been found can be seen in Figure 19. 

 

Figure 19. A summary of all identified benefits related to communication at the case company 
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To illustrate how the case company’s communication patterns affect the product- and process 
development an illustrative figure was developed, see Figure 20. 

  

Figure 20.  An illustrative figure on the communication related benefits effect on the case 
company’s total product- and process development. 

The inner circle includes the different departments connected to the product- and process 
development. The product department that is in charge of the product development, the 
process department that is in charge of the process development and the operation department 
where the prototypes and the regular products are produced and tested. The arrows between 
the departments illustrate the cross-functional communication loops. 

To create an effective product- and process development it is important to embrace the 
communication related benefits that a co-located environment offers. The co-located 
environment increases the amount of general communication occasions as well as the 
informal communication, which provides the company with quicker feedback loops, quicker 
decisions and the ability to joint problem solving etc. between the departments.  

The product- and process development cycle will become more efficient and spin faster. It's 
like a wheel that spins and the better the company becomes on working with the anticipated 
communication related benefits of co-location, the faster the wheel will scroll. The faster the 
wheel scrolls the bigger the possibility is to shorten the product- and process development 
cycle time and the time to market through using the internal recourses at the company in a 
more efficient way. The wheel shows how the efforts to embrace the communication related 
advantages could generate results in the process as a whole. 

Operation

ProcessProduct

Product- and process development 

Cross-functional



 

41 
 

These communicational benefits can be divided in three different areas that need to be 
considered, those areas are culture, communication and facility, see Figure 21. 

Figure 21. Managerial implication framework 

6.1.1 Culture  
To harvest the benefits such as shorter decision paths, joint problem solving, learning 
organization, idea generation and better understanding of other departments’ limitations, the 
company culture is important. The company needs to have a flat organization and delegate 
responsibility to a greater number of employees that can have the ability to make decisions. If 
a bigger number of employees can make decisions in lower positions of the organization the 
decision paths become shorter. Responsibility also implies that employees have to be more 
involved in the development processes and share valuable knowledge that may be critical to 
achieve the best possible results. Close collaboration and communication further generates 
better understanding of the different departments’ work in general as well as their limitations. 
If employees feel comfortable and respected among co-workers they are further more likely to 
share their potential ideas and engage in joint problem solving.  

To create this culture managers play a key role. They have to create a safe and open minded 
environment were employees have understanding and trust for each other, which is the 
foundation for good communication.  

 

 
Culture 
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Join problem solving 
Learning organization  

Idea generation  
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Increased communication  
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6.1.2 Communication 
To gain the positive aspects such as quicker feedback loops and team cohesion the company 
needs to facilitate communication within the company. By emphasizing the importance of 
taking contact often and communicate rather face-to-face than digital the company can lay the 
foundation that can lead to increased interactions, hence quicker feedback. Through meeting 
and interacting often, there is a greater chance that the employees get to know each other 
better which can lead to better team cohesion. It is the manager’s responsibility to provide 
employees with necessary tools to facilitate everyday communication.  

6.1.3 Facility 
The amount of communication occasions is partly depending on how the facility is designed. 
Hence working in an open environment with shared lunch and coffee rooms the amount of 
opportunities for communication increases. When meeting co-workers often and in a more 
casual way employees have the opportunity to talk about more than just work with each other.  

The spontaneous communication also leads to serendipitous knowledge sharing. This factor 
might be one of the hidden benefits with co-location that is hard to measure and that is often 
overlooked when deciding to outsource. Employees, for example, that have worked many 
years within production have gained "know-how" and deep understanding of how the process 
works and how potential changes can create certain desirable results. It can also be priceless 
in order to find defects or deviations that might get missed because of an untrained eye. 
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7 Discussion  
This chapter includes a discussion regarding the findings of this study and the conditions that 
may have affected them. A short discussion regarding sustainability, the theoretical 
contribution, the study´s limitation and generalizability as well as suggestions for future 
research is also included.  

The purpose of this study was to examine how communication patterns affect the efficiency 
of product- and process development in a co–located environment. Previous studies have 
shown that there are a number of benefits with co-location of product- and process 
development and production. However, few in depth studies have targeted the actual benefits 
of co-location and the aspect of communication.  

In this study the following perceived communication related benefits were identified: joint 
problem solving, shorter decision paths, quicker feedback-loops, team cohesion, more 
satisfaction among employees, decreased communication barriers and more informal 
communication. Three additional benefits were identified, idea generation, understanding of 
other department's limitations and the creating of a learning organisation.  

The communication related benefits were shown to enable the company to identify issues 
earlier in the development. The level of communication also provided the product- and 
process development with quicker feedback-loops and shorter decision paths. Taking 
advantage of the experience, ideas and “know-how” from the different departments enabled 
the company to benefit from all its internal resources. The communicational benefits were 
shown to have created a more efficient product- and process development at the case 
company. 

7.1 Conditions for the communication patterns and their effects  
The results can however be considered to be depending on conditions created at the case 
company seen from five perspectives, facility, culture, digital alternatives, planning and the 
product’s characteristics.  

7.1.1 Facility 
Open landscape offices, shared common rooms and close proximity to the production open up 
possibilities for more informal communication. If the departments, for example, had been 
decentralized within the facilities, it would have been more difficult for employees to 
spontaneously meet or visit the production, which were identified to be the most common 
communication form.  

The shared rooms provided opportunities where the employees could get to know each other 
better in general or ask co-workers questions about tasks in a more relaxed environment. This 
has created better team cohesion and reduced the communication barriers. 

 

 



 

44 
 

7.1.2 Culture 
The number of spontaneous meetings would probably not have been as many if employees 
didn’t feel that it was accepted by the case company as a part of the company’s culture. If the 
managers for example didn’t encourage cross-functional communication their employees 
communication patterns might have looked different.  

Being able to rely and learn from other co-workers from other departments is also something 
that might be linked to culture and therefore specific to a company that has reasonably similar 
corporate culture as companies in Sweden. Employees are evaluated according to 
performance and knowledge rather than position, which enables them to easier highlight 
issues or submit proposals for changes. 

Another effect of the Swedish corporate structure is the short decision paths, facilitating 
decisions on a lower level. By being able to make quick decisions on a lower level the 
company is gaining valuable time, which can be invested in something better. It creates a 
more efficient work environment when managers can delegate responsibility and trust 
employees that they make decisions that are in line with the company's corporate vision. To 
understand and respect limitations among both co-workers and departments can also be linked 
back to culture in general.   

7.1.3 Digital communication alternatives 
The identified choice of face-to-face communication can be perceived as a result of the lack 
of a well-functioning communication system or that the operators do not have their own 
computer in the production. But the employees at the case company can choose between 
numbers of communication channels and they naturally still prefer physical face-to-face 
communication to a larger extent anyway. This is because the face-to-face communication 
enabled the receiver to interpret the information easier and opened up possibilities for follow 
up questions, which are properties that are hard to replace with an IT-system.  

7.1.4 Product characteristics  
In product- and process development where unforeseen problems can occur, it is not 
surprising that the non-routine problem solving communication is more frequent and has a 
larger physical need than routine administrative communication. Especially for a company 
that develops state of the art products that will encounter new, never before seen, problems. In 
those situations the need to analyse and discuss with co-workers from different departments 
becomes important. Communication levels can then be interpreted to be a result of the 
complexity of the product produced and that the case company is more dependent on the 
ability of, for example, joint problem solving because of their complex integral product.   
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7.1.5 Planning 
The communication patterns and the amount of spontaneous meetings can be an indication 
that the company doesn’t have sufficient amount of planned meetings and by implementing 
more planned meetings the need for spontaneous un-planned meetings would decrease. The 
problem with that strategy is that the need for spontaneous, unplanned meetings is hard to 
foresee and differs between periods.  If the employees further have to wait to solve a problem 
in a planned meeting it wouldn’t be as time efficient, especially when it sometimes means that 
a product stands still in the production. 

The above discussed conditions may have influenced the results in this study, because they 
facilitate increased communication, but companies can still gain from communicational 
benefits with well-functioning cross-functional communication. 

This study has enlightened that there are numerous benefits to gain by keeping the product- 
and process development co-located with its production. Communicational benefits in a co-
located environment affect the effectiveness and performance of the product- and process 
development, but might be difficult to measure. 

Company managers need to promote the perceived benefits, continuously working with 
emphasizing communication in order to sustain the benefits of being co-located. It is 
furthermore about creating company environments that facilitate the communication and 
interaction between employees, emphasizing spontaneous meetings, intra-functional and 
cross-functional activities. Being co-located does not imply that intra-functional and cross-
functional activities will be automatically improved, even though the threshold is 
considerably lower than for a dislocated company.   

7.2 Sustainability  
Companies are working toward a consumer market where their products quickly become old 
and it's not a particularly sustainable way of producing in relation to the environment. Even 
though the case company uses less transportation when a product is developed, produced and 
assembled at the same site they are only using new raw materials. To become more 
sustainable the company should look into the possibilities to recycle their old products. Create 
a circular economy where they reuse material and create a more sustainable environment.  

7.3 Theoretical contribution 
In this study, a number of communication-related benefits have been identified that has a 
positive impact on a company's ability to create a more efficient product- and process 
development. Followed by a practical framework that can be used for managerial purpose.  

7.4 Limitations 
The overall limitations were the time that was given to execute the study, the size of the thesis 
and the limitations regarding confidential information at the case company. 
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7.5 Generalizability 
The results of this study indicate that the need for communication and spontaneous non-
routine communication in particular increases with the complexity and the dependency on the 
development process, something that could generally be found in any industry in any country. 
However the study emphasizes that facilitation of this through co-location require good 
organizational structure and managerial motivation in order to benefit from co-location. This 
may depend on the corporate culture and the structure within the organization, given that this 
study was conducted at a company in Sweden with a flat organization. Thus, it is probably not 
applicable in all countries. The size of the company is considerably small which might also 
have an effect on the level of interaction, communication and team cohesion. It is arguable 
that it would demand more from larger companies in terms of managerial effort and that it 
might be harder to harvest the communicational benefits of co-location in the same way.  

7.6 Future research 
This study has been conducted at high technology company with co-located product- and 
process development and production in Sweden. For future research it would be interesting to 
do a similar study at a company located outside of Sweden, where there is a different 
company culture and a more hierarchal decision structure.  

The complexity of the process is something that is suggested in this study to be of high 
importance for the level of communication needed. A study on a less process demanding 
product would also be of great interest to see if co-location decisions rely on the process 
complexity or if the complexity of product development is equally important. Economic 
factors as well as project success factors, such as the keeping of deadlines, would also be 
interesting to investigate in relation to co-location and communication.  

Other departments could also be included in a future study such as the correlation between 
development and sales or shipping and how that is affected by co-location. The most 
interesting study, however would be to investigate the differences before and after a co-
location or decentralization of product and process development and production.    
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Appendix I – Interview questions first round 
 

Generell information 

• Berätta generellt om företaget 
• Varför köper kunden just er produkt/produkter? 
• Hur ser er produktion ut?  
• Hur jobbar ni i produktionen?  

o Vilka steg i produktionen har ni 
o Vilka fungerar bra/ dåligt 
o Vilket moment är svårast/ viktigast i processen 
o Hur testas produkten/produkterna? 

• Vad har ni för sales points? 
• Hur fungerar R&D på företaget? 

o Hur ser utvecklingsfaserna ut?  
o Vad inkluderas i de olika faserna?  

• Hur har utvecklingen i produktionen sett ut över tid 
• Konkurrenter 

o Vad är konkurrenterna bra på? 
o Vad fokuserar de på? 

Strategier 

• Produktionsstrategi 
o Hur efterföljs den? 
o Hur jobbar ni med produktionsstrategin? 

Produktkvalitet 

• Hur går det till att granska produkten? 
• Vad är de som oftast bidrar till en defekt produkt? 
• Vilket steg i produktionen är mest kritiskt? 

Kommunikation 

• Vilka olika sätt har ni att kommunicera på? 
• Hur kommunicerar ni helst? 
• Hur ofta interagerar ni med varandra? 
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Appendix II – Interview questions second round 
 

• Hur ser produkt och processutvecklingen ut?(grovt) (vilka faser har ni i utvecklingen) 
o (ex. ide, första modell, prototyp, testserie, ramp up) 

• Vilka faser är ni i just nu? 
• I vilka steg har ni kontakt med andra avdelningar. 

o Din åsikt om kontakt med andra avdelningar (för/nackdelar) 
 Vad upplever du har varit för och nackdelar? 

• Har ni gate points/specifika uppföljningsaktiviteter? 

• Har ni standardiserade faser - är vissa delar fixa än andra? (vilka faser är 
standardiserade och vilka varierar mycket) 

• Under utvecklingsprocessen, var sker det flest produktkorrigeringar 

o Hur många av dessa är till följd av interaktion med andra enheter 

 Hur mycket av denna interaktion upplever du sker fysiskt/digitalt 

• Vad för typ av kommunikationskanaler använder ni er utav, både fysiska och digitala 
och hur ofta? 

o Internt, inom gruppen  
o Externt, mellan grupper 
o I vilka steg av utvecklingen 

• Har ni ambassadörer i de olika områdena? 
o Någon specifik som har hand om kontakten mellan grupperna 
o Någon specifik som har extra kunskap 
o Har några operatörer mer kontakt med R&D än andra 

• Bevis på framgång:  
o Hur brukar ni ligga i fas med tidsplaneringen i utvecklingsprocessen 

 Något moment ni alltid är före eller alltid efter? 

o Hur förhåller ni er till er budget i de olika faserna 

• Vilka delar av process är mest komplicerad/informationskrävande 
o Där det sker mest samarbete mellan olika divisioner 

 Vilka är då involverade 
• Tidigare erfarenheter - hur var det när ni satt avskilda 

o Skiljer sig produktionsprocessen idag mot när ni satt i olika byggnader 
o Hur skiljer sig interaktionen mot idag? 

• Hur påverkar R&D arbetet produktionen? 
• Lär sig produktionen något av utvecklingen? 
• Hur ofta sker kontakt mellan utveckling och produktion? 
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Appendix III – Continuous study form 
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Appendix IV – Questionnaire questions 
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Appendix V – Interview questions third round 
 

• Digital vs fysisk 
o När använder du de olika alternativen? 
o Vad föredrar du fysisk kommunikation eller digital?  

 Varför? Utveckla.  
o Ta ett exempel där du använder dig av digital/fysisk kommunikation?  

 Om du hade behövt byta från digitalt till fysiskt eller tvärt om hur hade 
det påverkat situationen? 

o Vilka fördelar upplever du med fysisk/digital kommunikation? 
o Är det skillnad mellan R & D och produktion när det kommer till fysisk/digital 

kommunikation? 
o Är det skillnad mellan R & D och Produktion vilka som föredrar spontanitet än 

planerat möte?  
o Vad anser du att kommunikationen bidrar till?  

• Spontanitet 
o Vad kretsar de spontana mötena kring idag - ge exempel på ett scenario vad ni 

diskuterar? 
o Vad känner du att du får ut av spontana möten? 
o Vilka aspekter motiverar dig till att välja spontana möten? 

• Planerad möten 
o Hur ofta har ni dessa? 
o Vilka frågor diskuteras? 
o Vad känner du att du får ut av planerade möten? 

• Rutin vs inte rutin uppgifter 
o Hur skiljer sig spontaniteten när det gäller rutin vs icke rutin uppgifter? 

• Samlokalisering 
o Vad ser du för fördelar nackdelar med att sitta nära dina medarbetare? 

• Hur mycket konflikter/feltolkningar har ni med interna kollegor jämfört med externa? 
• Hur är skillnaden mellan att kommunicera internt och externt? 

o Ställs det höge krav på en digital kommunikation – förberedelse, tydlighet etc.? 
o Blir det fler eller färre informationsturer? 
o Hur ofta händer det att man missförstår varandra? 

• Har man någon ansvarig för samarbete över gränser? 
• Skillnaden mellan kommunikations intensitet i olika faser? 

o R & D kontra produktion, hög intensitet samtidigt? 
• Finns det någon gång det har varit avgörande att du har kunnat haffa någon spontant i 

en korridor eller besökt någon vid deras kontor? I vilka sammanhang då?  
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