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Sammanfattning 
 
Innovation är inte ett resultat av slumpen eftersom skapandet kräver ett brett spektra av variabler 
för att i verklig mening definieras som en innovation. En uppfinning är en lösning till ett 
problem, det är först när den lösningen används och återanvänds av människor och förändrar 
deras beteende som uppfinningen verkligen blir en innovation. Skapandet av innovationer 
innebär därför att förståelse för det sociala sammanhanget som uppfinningen skapas och i 
slutändan även det sammanhang i vilket uppfinningen ska finnas. Användandet av GDTs i 
ingenjörsutbildningen för att skapa en förståelse för det sociala och tekniska samspelet skulle 
kunna förbättra innovationsprocessen.  
 
I ett försök till att skapa en överblick av existerande kunskap om GDT, presenterar det här 
examensarbetet ett ramverk för analys av detta sammanhang. Det föreslagna ramverket bygger 
på en standardiserad modell för nätverkskommunikation och består av sju sammankopplade 
lager. Ramverket föreslår att ett lyckat samarbete i ett GDT bygger på ett flertal kritiska faktorer 
som bygger på varandra. Genom att organisera dessa faktorer i ett sammankopplat schema 
tydliggörs hur dessa påverkar prestationsförmågan i ett GDT.  
 
En fallstudie av ett studentprojekt analyseras med hjälp av det föreslagna ramverket. 
Studentprojektet involverade studenter från University of Minnesota, Minnesota, USA och 
Kungliga Tekniska Högskolan, Stockholm, Sverige. Detta studentprojekt har även 
dokumenterats i en artikel som accepterades för att presenteras på ”31st Annual International 
Conference of the IEEE Engineering in Medicine and Biology Society 2009” i Minneapolis. 
 
För att undersöka användandet av GDT som en del i ingenjörsutbildningen genomfördes en 
longitudinell studie av erfarenheter från GDTs genom en enkät som skickades ut till 
utexaminerade mekatronikstudenter från KTH. 
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Abstract 

 
Innovation is not a result of coincidence as it requires a vast array of parameters in order to truly 
be defined as an innovation. An invention is a solution to a problem, when this solution is used 
and re-used by people and creates a change in habits, then it truly becomes an innovation. 
Creating innovation therefore involves the need of understanding the social context in which the 
invention is created and ultimately the context in which it is to exist. The use of GDTs in 
engineering education to understand the social and technological interaction could catalyze the 
process of creating innovation in the future. 
 
In an effort to create an overview of existing knowledge about GDT, this thesis project presents a 
framework for analysis of this setting. The proposed framework builds on a standardized model 
for network communication consisting of seven interconnected layers. It is proposed that a 
successful collaboration in a GDT relies on several critical factors which build on each other. 
Organizing these factors in an interconnected layered scheme clarifies how they affect the GDT 
performance. 
 
A case study of a student project is analyzed using the proposed framework. The student project 
involved students from University of Minnesota, Minnesota, US and KTH – Royal Institute of 
Technology, Stockholm, Sweden. This project has also been documented in an article that was 
accepted to be presented at the 31st Annual International Conference of the IEEE Engineering in 
Medicine and Biology Society 2009 in Minneapolis. 
 
To explore the use of GDTs in engineering education, a longitudinal study on the effects of 
experiences from GDTs as a part of an engineering curriculum, was carried out through a survey 
addressing Mechatronics alumni of KTH – The Royal Institute of Technology. 
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Executive Summary 

This thesis project addresses the use of GDTs (Globally Distributed Teams) to enhance 

innovation capabilities in the Mechatronics education.  

Innovation is not a result of coincidence as it requires a vast array of parameters in 

order to truly be defined as an innovation. An invention is a solution to a problem, 

when this solution is used and re-used by people and creates a change in habits, then 

it truly becomes an innovation. Creating innovation therefore involves the need of 

understanding the social context in which the invention is created and ultimately the 

context in which it is to exist. The use of GDTs in engineering education to understand 

the social and technological interaction could catalyze the process of creating 

innovation in the future. 

For this thesis project the following aims were constructed: 

• To propose a framework for analysis of GDTs in a Mechatronics educational 

setting. 

• To apply the proposed framework to an ongoing project. 

• To investigate the long term benefits of using globally distributed design 

projects in Mechatronics engineering education from a future career 

perspective. 

A GDT is defined as a group of people working together towards a common goal with 

limited face-to-face interactions. Most communication is done through information 

technologies.  This context has specific characteristics that need to be taken into 

consideration and understood to reap the possible benefits. In an effort to create an 

overview of existing knowledge about this setting, this thesis project presents a 

framework for GDT. The proposed framework builds on a standardized model for 

network communication consisting of seven interconnected layers. It is proposed that 

a successful collaboration in a GDT relies on several critical factors which build on 

each other. Organizing these factors in an interconnected layered scheme clarifies how 

they affect the GDT performance. The identified layers in the framework are in order of 

decreasing abstraction level:  

• Mechatronics (as a field of expertise) 

• Learning 

• Collaboration 

• Trust 

• Knowledge Transfer 

• Communication 

• Communication Media 

A case study of a student project is analyzed using the proposed framework. The scope 

of the student project was to develop a home therapeutic system for assisting in the 



rehabilitation of patients suffering from acquired brain injuries. The purpose of this 

student project was documented further in a paper that was accepted to be presented 

at the 31st Annual International Conference of the IEEE Engineering in Medicine and 

Biology Society 2009. The case is analyzed using the proposed framework for GDT and 

the results show how this setting interacts with the information technology used and 

how, because of this, traditional team theories may not be fully applicable. 

To explore the use of GDTs in engineering education, a longitudinal study on the 

effects of experiences from GDTs as a part of an engineering curriculum, was carried 

out through a survey addressing Mechatronics alumni of KTH – The Royal Institute of 

Technology. 

The aim for this survey was to: 

• To create a profile of the future careers of Mechatronics students.   

• To follow up on earlier conducted surveys concerning the career path of KTH 

Mechatronics alumni. 

The results show no significant support for the posed hypothesis that experience from 

GDT improves the chosen parameters of innovation. 

The fields in which Mechatronic alumni are active in seem to benefit from the use of 

GDTs. A majority have experience from distributed teams and working with 

international project members. 
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1  Introduction 

This Master thesis project, Learning Through Globally Distributed Teams: A Way to 

Enhance Innovation Capabilities in Mechatronics, was accomplished during the spring 

of 2009 at SKRC (Sister Kenny Research Center), Minneapolis, United States of 

America. The focus of this thesis is the use of GDTs (Globally Distributed Teams) as a 

method to promote learning and increase innovation capabilities.  

The first section of this thesis project investigates the theories behind working in a 

GDT and what factors influence this setting with the aim to propose a framework to 

use in analysis of GDTs.  

The second part addresses a student project involving teams from two global sites. The 

project owner was located in Minneapolis, US at the Sister Kenny Research Center, 

and the student teams in Stockholm, Sweden at KTH - Royal Institute of Technology 

and in Minneapolis, US at the U of M (University of Minnesota).  

The third portion of this study is a survey on career paths of Mechatronics alumni at 

KTH and their experience from GDTs in their education and their careers. 

1.1  Background 

Problem solving (inventing) is not enough; problems need to be solved in a way that 

creates extended value. “Innovations are inventions re-used by people and leading to 

change in habits” (Fry, 2009). The famous story which asserts that the creation of the 

great innovation Post-It’s® was a product of coincidence and luck was refuted by Art 

Fry. During a seminar, the inventor of Post-It’s®, Art Fry, stressed the importance of 

being prepared for innovation and that innovations don’t emerge out of thin air. He 

also stressed that an understanding of the underlying needs of the customer is 

imperative to innovation because innovations are created in the social realm. 

The world has evolved from a manufacturing economy to what has been regarded as 

the information economy and further to the network economy of today. No longer is 

know-how, in terms of knowledge on how to solve a specific task, the most important 

asset of today. This knowledge is transferred through the fast pace of the globalization 

era and easily accessible to anyone. In fact we are now seeing what could be regarded 

as an information overload. While some are stuck defending old knowledge, others 

have already run past them in lightning speed; they didn’t even see it coming 

(Christensen, 2003). One cause for this fast transformation is the power of joint effort, 

an effort in which many have put in little. We see communities grow on the Internet 

consisting of millions of users, in which the value is not encapsulated within 

individuals, but instead consists of the power of the network (Allee, 2003). Like ants, 

the virtual workers come together to collaborate and create impressive networks of 

knowledge. The knowledge economy has extended in to the network economy where 

the greatest asset is knowledge about where to find information, and knowing who can 

provide it (Kelley, 1997). 
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Finding expert human resources is often a complicated process and has historically 

been limited to the local supply. The technology of today has made it possible to find 

expertise throughout the world. Call centers in India, outsourced production to China 

or the use of Australian x-ray MDs during night shifts in Sweden (Spross, 2005) are 

examples of existing applications. Since global corporations coordinate their research 

and development divisions to further create an edge in the technology race towards 

new breakthroughs and new competitive products; high demands are put on the 

process of innovation and coordination of knowledge (Christensen, 2003). In addition to 

engineering expertise in these innovation driven projects, the success of a project 

depend on the ability to communicate efficiently and share knowledge. Within a GDT 

the complexity multiplies as team members are located in different time zones, are 

unable to physically meet and have to overcome physical as well as cultural 

boundaries. If this is the reality that students will face in their profession, how well are 

they prepared for it? A new approach to engineering education, adapted to the new 

environment, is necessary. A holistic view that takes human dimensions into 

consideration needs to be addressed to find a suitable educational framework that is 

adapted to problem solving of today (Grasso and Martinelli, 2007). 

Nowadays most mechanical products are more or less intelligent in the sense that they 

consist of electronics, software and control systems. Mechatronics refers to the 

engineering field that deals with systems of such nature. This field is inherently 

complex as it requires proficiency within a variety of engineering fields as well as the 

ability to integrate those fields into one complete system and optimize the same. The 

approach to Mechatronics is based on a holistic view on engineering and some has 

argued that teaching of it should view it more as philosophy than a traditional 

engineering education (Grimheden and Hanson, 2003). The engineering field of 

Mechatronics is described in detail in chapter 3.2  

1.2  Definitions 

Co-located team – The team consists of members located in the same space, i.e. it’s 

possible for the members to physically meet and discuss issues. 

GDT (Globally Distributed Teams) – A team with members located globally with limited 

face-to-face interactions. This definition also entails teams with co-located sub-teams. 

Innovation – An invention, i.e. a solution to a problem, which is used by people and 

leads to a change in habits. 

Invention – A device, product or process that provides a solution to a defined problem. 

1.3  Problem definition 

Because of lower costs and access to expertise, GDTs are today a reality for strategic 

as well as tactical design functions in many organizations (Bhusari et al., 2007). 

Learning in GDTs could help prepare students to reality and develop a better 

understanding of the importance of social and cultural skills and the genuine role they 

play for an engineering career of today. Lack of attention to the need to actively create 
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a collaborative workplace could result in lack of successful collaboration, which in 

turn leads to inefficient outcomes (McNair et al., 2008). 

Situated learning, is a model of learning proposed by Lave and Wenger (1991) and is 

described as learning that takes place in the same context to which it is being applied. 

The authors describe a community of practice, which is the process of social learning 

and the development of a culture that occurs when a group of individuals interact and 

work towards a common goal. In this thesis project, the community of practice is 

defined as the GDT from which knowledge about the engineering field of Mechatronics 

emerges through the process of learning. The common goal of this community of 

practice is to enhance innovation capabilities.  

GDTs have been a part of the Mechatronics education at KTH for many years and the 

projects that have been carried out has primarily been in collaboration with students 

from Stanford University. The first project was initialized in 1995 and throughout the 

years, seven more projects have been conceived between the two universities (Skejo, 

2007). Carleton and Leifer (2009) presents a paper on the evolution of engineering 

design in which several eras are defined related to the ME310 course at Stanford 

University. The years of 2004 – 2009 are defined as the eighth era, the global 

innovation era, in which global collaboration was promoted through projects with 

international partners. The next era, the ninth is suggested to be focused on future 

business opportunities. (Carleton and Leifer, 2009) Both these described eras ties well 

in to the motivation for this paper, to understand how learning through GDTs could be 

a way to create future career opportunities for students involved.  

Working in a distributed setting strain the prerequisites of a successful collaboration 

and in the end affects the learning process. The successful creation of an effective 

team involves several steps of human interactions and processes. Several methods for 

creating a functional local team already exist; however one could question if they’re 

fully transferable to a globally distributed educational setting. Is there anything to 

gain from education in a global setting and is innovation capabilities improved? 

There already exist several methods for creating a functional local team environment 

but one could question if they’re fully transferable to a globally distributed educational 

setting. What is added to the learning process and crucial innovation capabilities by a 

better understanding of the GDT setting?  

Aspects of collaboration that are taken for granted, such as a physical meeting with 

colleagues, may not easily dealt with when colleagues are located in different parts of 

the world and in other time zones. How will issues at the lowest level of the 

communication model, a bad Internet connection for example, influence higher levels 

of trust and knowledge transfer?  

1.4  Objectives 

The main objective for this thesis is to study the use of GDTs in Mechatronics as a 

means to increase innovation capabilities and prepare students for the challenges of 

the workplace of today. As a part of this objective the following sub-level objectives are 

identified: 
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• To propose a framework for analysis of GDTs in a Mechatronics educational 

setting. 

• To apply the proposed framework to an ongoing project. 

• To investigate the long term benefits of using globally distributed design 

projects in Mechatronics engineering education from a future career 

perspective. 

1.5  Delimitations 

This work builds upon the study of a GDT setting consisting of a student team. 

Defining the team as a global team implies that cultural differences are in focus, this, 

however, was not the case. Instead is focus primarily on the interaction between social 

processes within the team and the technology that mediates them.   

Since the development of new software for collaboration is progressing rapidly, focus is 

foremost on basic characteristics of tools used for communication; however, specific 

technological solutions are described but not analyzed deeper. This work is focused on 

student teams and therefore focuses on tools that are available online for free.   

The educational setting in this thesis refers to and is limited to the engineering field of 

Mechatronics which is described in chapter 3.2 . 
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2  Method 

This thesis project was divided into the following phases. 

• Information gathering 

• Creation of the framework for analysis of GDTs. 

• Coaching of a student project in the role of a lead engineer 

• Analysis of the student project based on the proposed framework 

• Survey study 

• Interviews with students after finishing the project 

• Summary of data and writing of the final report 

2.1  A Framework for GDT 

The primary method for creating a framework for GDT has been to find relevant 

information by seeking databases of academic articles and useful books on the topic. 

The keywords that have been used in the literature study are: “holistic engineering”, 

“Mechatronics”, “communication”, “collaborative learning”, “knowledge transfer”, 

“trust”, “GDTs”, “virtual teams” and “OSI-model”. 

Various aspects of the framework are addressed in both the case study, in which the 

lower levels of the framework are used in the analysis, and in the longitudinal Alumni 

survey study, in which the higher level aspects of the framework, Mechatronics and 

learning, is addressed. In the case study; the lower levels in the model i.e. 

collaboration, trust, knowledge transfer, communication and communication media, is 

being used for analysis.  

2.2  Case Study of Current Student Project 

In this thesis project a case study on a parallel running student project has been 

performed. This study is of a qualitative nature and data is collected through project 

logs, meeting minutes and open-ended interviews with project members.  

The student project is called SKOTEE (Sister Kenny hOme ThErapy systEm) and 

consists of 6 Mechatronics master students at KTH and 4 bachelor students enrolled 

in the Mechanical Engineering curriculum at the U of M. The KTH students were 

members of the MF2003 – Advanced Course in Mechatronics which is the capstone 

course within the Mechatronics master specialization at KTH. The course involves real 

project based learning with projects generally having an industry owner. The U of M 

students were enrolled in the ME4054 – Design Projects Course which is the capstone 

course within the Mechanical Engineering curricular.  

Project status logs and open-ended interviews with participating students were utilized 

in the collection of data, which are described consequently in 2.2.1 and 2.2.2  Data 

collection was also done through minutes taken from weekly video conferences and 
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documentation of observations from the perspective of a lead engineer as described in 

2.2.3 . 

2.2.1  Project Status Logs 

At the start of the project it was decided that all members would upload a weekly log 

on to the common workspace. The log contained information about current activities 

and current issues that needed attention. Further into the project a weekly project log 

was introduced and served as a tool for keeping stakeholders informed of project 

progress and as a tool to document this study. The weekly log summarized the 

individual logs as well as logs made by the two student team leaders and contained 

current issues and actions to deal with them, and current as well as future work.  

2.2.2  Interviews with Participating Students 

Interviews were conducted using a semi-structured interview method, in which the 

interviewer has some topics and questions prepared but were allowed to build on the 

responses given. During the interviews recordings were made with the aim to make the 

interview more open and not hindered by taking minutes. The interviews with the 

participating U of M students were conducted after the first project delivery and 

interviews with the KTH students were conducted after the second delivery.  

2.2.3  The Lead Engineer Function 

The role of the lead engineer in the SKOTEE project was primarily to facilitate and 

coordinate collaboration between the two student teams as described in Figure 1.  

The specific tasks of the lead engineer involved:  

• Keeping a weekly log of project status 

• Setting up weekly meetings 

• Supporting the project with technical expertise 

• Coaching the students in their process 
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Figure 1 - Communication diagram of SKOTEE project (The arrows displays an 

overview of the expected level of communication) 

 

2.3  Mechatronics Alumni Survey  

A longitudinal study on the effects of experience from GDTs during education was 

done on graduated Mechatronics students from KTH. This study aims to explore the 

graduates’ career paths as well as their views on innovation in Mechatronics. An 

online survey tool was used to send out surveys to members of the Mechatronics 

Alumni database. Results from the survey are presented in chapter 6  

The survey was created as an online questionnaire in which the respondents accessed 

a webpage to fill in their answers. Emails were sent out with a link to the survey. This 

method was chosen primarily of logistical reasons. A request was first sent out the 

25th of April 2009. To promote response frequency, reminders were sent out on two 

additional occasions, 7th of May 2009 and 18th of May 2009. 

2.3.1  Survey Structure 

A major portion of the questions were obtained from earlier surveys (Skejo, 2007) to 

enable follow up and verification of results of those previous surveys. New questions 

were added to specifically target the international collaboration aspect. Most questions 

were closed-ended, which provide the respondent with a fixed number of alternatives. 

All questions except the last were mandatory. Questions 11, 24 and 25 were logically 

connected to the respondent’s answer on an earlier question, and therefore not 

answered by all. A full version of the survey questions could be found in Appendix I. 

2.3.2  Survey Tools 

The survey tool used in this study was SurveyMonkey.com which is available online. It 

was chosen because it provided access to raw data as well as the capability to do 
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simple analysis within the tool. It was also a cost effective solution, even though not 

free. In the analysis and presentation of the received results, Microsoft Excel was used 

because it supports basic analysis and is well known software that is easy to receive 

support on if necessary.  
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3  Theoretical Background 

In many ways the GDT setting could be described as a traditional co-located team but 

with a traditional approach to the distributed team the potential benefits that arise 

from GDT might be lost. When team members are located at geographically distant 

places and are limited to communication through information technologies new 

challenges emerge that won’t be easily dealt with using traditional theory. The GDT 

setting especially strains the requirements on communication, commitment and trust 

building. (Henttonen and Blomqvist, 2005) Communication and trust are considered 

to be the critical factors for work in GDT (Wu et al., 2006) while the traditional view on 

co-located teams rely on three fundamentals; individual contribution, communication 

and trust. (Bhusari et al., 2007) 

A standardized model for network communication could be applied to this setting in 

an effort to transfer the full image of distributed collaboration. The OSI-model (Open 

Systems Interconnection Reference Model) is an abstract description of layered 

communication and computer network protocol design. 

In the following chapters the operational components of GDTs in an educational 

setting are described. In chapter 3.1  a standardized model for computer network 

communication is presented. Mechatronics, which is the educational setting chosen in 

this thesis project, is described in chapter 3.2 . How learning is promoted by global 

collaboration and how collaborative settings affects on performance in a GDT is 

described consecutively in chapter 3.3 and 3.4 . The process of learning is encouraged 

by the transfer of knowledge between the collaborating parties, which is further 

described in chapter 3.6 . In chapter 3.7 and 3.8 theory on communication and 

communication media is presented.  

3.1  A Standardized Model for Network Communication 

The standardized OSI-model for network communication OSI-model describes seven 

layers, as seen in Figure 2, that control the flow of data between the sender and the 

receiver. Because the model describes how the different layers control parts of the 

process, it provides an insight on the requirements of a network transaction 

(Zimmermann, 1980).  
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Figure 2 - Overview of layered OSI-model 

The characteristics of the seven layers in the OSI-model are described in International 

Standard (1994) as being the following: 

• The application layer is positioned closest to the end-user which implies that 

this layer handles communication with both the end-user and the software 

application. The primary functions of the application layer are identifying 

communication partners, handling resource availability and synchronizing 

communication. Identifying communication partners involves determining 

identity and the availability of communication partners for the data to 

transmit. Handling resource availability involves decisions on whether 

sufficient resources exist to initiate communication. Synchronizing 

communication is the method by which the application layer manages 

cooperation between various applications. 

• The presentation layer creates a common context between the application 

layer entities that allows higher-layer entities to use different syntax and 

semantics within the understanding of the presentation layer. The layer 

translates differences in data representation from application to network 

format and the other way around, and is occasionally referred to as the 

syntax layer.  

• The session layer controls connections between computers. It establishes, 

manages and controls connections between the local and remote locations 

and is commonly implemented in application environments that use remote 

procedure calls. This layer manages connections between local and remote 

locations in the network. 

• The transport layer provides reliable data transfer services to the higher 

layers and aim to maintain “quality of service”.  The transport layer controls 

the reliability of a given link through flow control, segmentation/de-
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segmentation and error control. Some protocols are state and connection 

orientated which means that the transport layer can keep track of the 

segments and retransmit those that fail.  

• The network layer provides the functional and procedural means to transfer 

data sequences from the source to the destination via one or more networks. 

The network layer performs routing functions and might also perform 

fragmentation and reassembly and report delivery errors.  

• The Data Link Layer provides the functional and procedural means to 

transfer data between network entities and detect and possibly correct errors 

originating from the physical layer. Interpretation of the data transferred 

through the physical layer is also done here.  

• The physical layer defines the specific physical characteristics of the 

connection and specifically the relation between a single entity and the 

network. Layout of pins, voltage levels and so on is defined in this layer. In 

contrast to the Data Link layer the physical layer is primarily concerned with 

the interaction between a single device and the medium used to transfer the 

data.  

Data passes down through the layers on the transmitting side to the physical 

connection and up the layers on the receiving end. In this process data must be 

interpreted on the corresponding level in the way the transmitter intended in order to 

make the interaction successful (Zimmermann, 1980). This characteristic is shown in 

Figure 3. 

 

Figure 3 - Data flow in the OSI-model 

3.2  The Engineering Field of Mechatronics 

Most technologically advanced products demanded by customers today involve a 

synthesis of knowledge from a vast variety of areas. To solve these complex problems 

faced by engineers, a knowledge base across disciplines must be established. 



12 

 

Mechatronics is an interdisciplinary concept that is ready to take on these challenges 

to create better adapted products (Habib, 2008). 

A clear definition of Mechatronics, that is universally accepted, does not exist. When 

the term Mechatronics was first introduced by Tetsuro Mori at the Japan based 

company Yaskawa in 1969 it was constructed of the words mechanism and electronics. 

It was described by Mori that “[…] technologies and developed products will be 

incorporating electronics more and more into mechanisms, intimately and organically, 

and making it impossible to tell where one ends and the other begins.” (Kyura and 

Oho, 1996) 

A later definition is described as “[…] the synergistic combination of precision 

mechanical engineering, electronic control and systems thinking in the design of 

products and manufacturing processes.” (Comerford, 1994) 

However, according to Habib (2008), the outline of Mechatronics should describe the 

synergy of interdisciplinary: education, knowledge, thinking, way of work, practices, 

and professional skills, which is supported by strong engineering science foundation 

beyond traditional disciplinary boundaries and featured by open-ending learning 

chains with ability to create new knowledge and experiences through lifelong learning 

(Habib, 2008). It has also been proposed that instead of viewing Mechatronics as a 

subject of its own, consisting of electronics, mechanics, software and control systems, 

it has been suggested that it should be viewed as a philosophy (Grimheden and 

Hanson, 2001). 

3.3  Learning 

Today we are part of what could be considered the knowledge era; learning has never 

been more important than it is today. Learning is the process by which experience 

produces a lasting change on our behavior, knowledge, and is measured in terms of 

changes in performance (Passer and Smith, 2007). Cartesian view on learning 

considers knowledge a substance and pedagogy as substance transfer. The social view 

on learning states instead that understanding is socially constructed, “we participate, 

therefore we are” vs. “I think, therefore I am” (Seely Brown, 2008). 

Knowledge is a commodity that grows old rapidly and must therefore be constantly 

updated. Professional knowledge has been described to exist in the following four 

levels (Quinn et al., 1996). 

• Cognitive knowledge is doing things right or “know-what” and is what is 

accomplished through training and is essential for performance.  

• Advanced skills are the application of knowledge in the appropriate way or to 

“know-how”.  

• Systems understanding could be, described as wisdom or a deeper knowledge 

that is achieved through experience and is doing the right things or “know-

why”.  
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• Self-motivated creativity or “care-why” is built on motivation, the urge to 

succeed and to adapt to new environments. This is described as the highest 

level of intellect. It forms the base of competitive advantage today and is the 

force behind highly motivated teams outperforming teams with greater 

resources. 

Learning is not simply manipulating information at hand to solve problems but also 

developing an understanding why we do the things we do. To reflect critically on one’s 

own behavior and change behavior appropriately are often neglected parts of learning. 

The terms single loop and double loop learning has been introduced to explain the 

discrepancy between two ways of learning. Single loop learning is acting on known 

problems and creating fitting solutions, whilst double loop learning addresses the 

question of why we learn. The problem with single loop learning in this context is not 

that it isn’t useful; on the contrary there exist several situations were its useful, 

especially when dealing with repetitive tasks, since it facilitates effort when dealing 

with what is known. Double loop learning questions whether our knowledge is valid in 

the first place to address the ever changing nature of our environment and to create 

new knowledge based on ever changing surroundings. To keep learning present, team 

members must reflect on their own behavior and their unconscious contributions to 

the team environment, and then change the way they act based on that information. 

(Argyris, 1991) 

3.4  Collaboration 

Since learning is described as a social rather than an additive process, and is 

dependant on the expertise of others, collaboration is necessary to acquire new 

knowledge (Allee, 2003). Collaboration as a mean of learning has been suggested to 

improve disciplinary learning and general skills, creating awareness of cultural 

differences and educational systems and enhancing motivation (Grimheden, 2003). 

Collaboration could be defined as two or more people working together in a setting 

that requires sharing and building on each others knowledge to reach a common goal 

(Dillenbourg, 1999). This implies that in order for the collaboration to be successful, 

members of the collaborative setting must be on the same level in several aspects and 

Dillenbourg (1999) suggests three aspects that control the collaborative setting:  

• Symmetry 

• Common goals  

• Division of labor 

Symmetry exists in the forms of status, action and knowledge. Symmetry of status 

could be displayed in a situation where an individual isn’t hindered by believing that 

her opponent is more expert within the discussed field and is therefore obstructed 

from fully expressing her thoughts. This could also reflect a situation of symmetry of 

action, since the same cues trigger similar responses from individuals. The 

collaboration must nevertheless allow access to actions for all individuals and some 

actions should not be reserved by certain individuals. Symmetry of knowledge is 

difficult to achieve in a perfect form and this symmetry changes over time when 
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individuals learn from sub-tasks given to them. In the concept of collaboration 

however, a relative symmetry is expected because of the definition of it.  

Common goals are expected to exist in a collaborative setting and negotiation of goals 

not only creates shared goals but creates awareness and understanding of these goals. 

The establishment of goals does not have to relate to individual goals, these will 

naturally exist in any collaborative situation. Instead, common goals are necessary as 

references to compare actions and performance with. 

Division of labor addresses the discrepancy between collaboration and cooperation. In 

cooperation the individuals split the work to be completed among them and solve sub-

tasks individually and then assemble the parts into one system, on the other hand 

collaboration is working together. Even as individuals truly work together some 

spontaneous division of labor may exist as one individual focuses on the low level 

tasks and the other on more strategic tasks. This is still regarded as collaboration 

because it requires sharing of views on tasks and these tasks are not as independent 

as sub-tasks in a cooperative setting.  

It’s suggested that co-located teams are more socially focused while distributed teams 

are more task focused. Co-located teams could suffer from being too socially oriented 

which may affect performance. This is specifically true when team members know 

each other, which might create resistance to providing feedback. Some ways to solve 

this issue is to put forth several task-based milestones and to make those deliverables 

a group task. On the other hand distributed teams could become too task oriented 

and lack structure, due to the lack of “face time”. Since distance prevents team 

members to physically observing other members doing the work, they might believe 

that is not taking place. (Yang and Jin, 2008) 

A common issue with collaboration in general and in GDTs in particular is monitoring 

individual performance and making people accountable for their actions and inactions. 

Social loafing is the tendency for people to expend less individual effort when working 

in a group than when working alone. It’s described that people will put only a 

minimum amount of effort to reach a valued goal, based on their beliefs of what is 

required. As described by Passer and Smith (2007) social loafing tends to increase 

when: 

• The person believes that individual performance isn’t or can’t be monitored.  

• The task at hand or the group itself has a lesser amount of value or meaning 

to the person. 

• The person in general displays a general lack of motivation to strive for 

success and expects that group members will make up for that.  

Furthermore, social loafing is increased in all-male settings and in more individualistic 

cultures. This suggests that the group effort tends to be lower than the sum of 

individual performances. However, if the group value the group itself, strives for a 

desirable goal or individual performance is monitored this difference might disappear. 

Some people may even engage in social compensation i.e. working harder in a group 
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than when alone to compensate for lower performing individuals. (Passer and Smith, 

2007) 

3.5  Trust 

Trust is the willingness to accept risk, and the level of trust is an indication of the 

amount of risk that one is willing to take. Trust and control systems could be seen as 

alternate and sometimes compatible means for managing risk. In uncertain situations 

necessary control systems could be used to lower the perceived risk by creating 

transparency. However a very tight control system will inhibit the creation of trust. 

The incentives to focus on trust-building for managing risk are low cost and increasing 

creativity and cohesion. (Shoorman et al., 2007)  

In collaborative environments, trust is one of the key ingredients. Traditionally trust is 

proposed to be a result of social interaction and could be defined as assured reliance 

on the character, ability, strength, or truth of someone or something (Merriam-

Webster, 2009). It could be described as confidence in the behavior of the trusted 

individual; hence serving as a prediction of future behavior of something that is 

otherwise unknown. Therefore trust could be said to encourage people to take risks 

and thereby further expose themselves to new knowledge, to collaborate and innovate 

in the complex environment of multifunctional teams (Henttonen and Blomqvist, 2005). 

It has also been proposed that trust functions as a mean to increase future benefits of 

collaboration and to decrease the costs of coordination (Schoorman et al., 2007). It is 

the single most important part of team development and effectiveness (Jarvenpaa et al., 

1998). Important factors to create trust are timely response, in-depth feedback and 

open communication; this also includes taking initiatives, delivering agreed results 

and fostering cooperation. Shared values, keeping commitments/promises, concern of 

the well-being of others, goal-setting, condensed communication and spreading critical 

information is also found to promote trust. (Henttonen and Blomqvist, 2005) 

Trust in general is viewed as being related to long-term relationships and as the result 

of continuous social interaction. It has been suggested that computer-mediated 

communication technologies may hinder cues that transfer “trust, warmth, 

attentiveness and other interpersonal affections” (Jarvenpaa et al., 1998). However the 

development of swift trust in temporary teams suggests that this is not always the 

case. In some cases trust could evolve as a swift, depersonalized and action-based 

trust (Jarvenpaa and Leidner, 1999) (Meyerson et. al., 1996). In high performing, goal 

oriented temporary teams with a short finite life span consisting of tasks that require 

specialist skills of relative strangers, it’s imperative that trust form rapidly in order to 

achieve results in time. Meyerson et al. (1996) suggests that swift trust is the result of 

contextual cues more than the result of interpersonal interactions and that this 

provides an insight to how trust is attained in such fragile settings. An example of a 

setting in which swift trust is likely to occur is in the cockpit of an airplane where 

pilots that never have worked together quickly develop a mutual trust. 
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Newell and Swan (2000) built on existing theory on trust and proposed three primary 

sources of trust: 

• Competence trust 

• Companionship trust 

• Commitment trust  

Competence trust is based on perceptions of the competence others to carry out 

assigned tasks. This source of trust doesn’t necessarily originate from social 

interaction but also from cues based on merit, the status of the organization the 

individual works for or the group to which she belong. The foundation of which this 

trust is built implies that it’s easily constructed in the beginning of a project, however 

easily broken.  

Companion trust is based on judgments of goodwill or personal friendship; trusted 

individuals are expected to behave in such a way that they don’t harm the 

organization or the people in it. It builds on emotions and social exchange and as such 

takes time to build. This source of trust is important in maintaining social networks 

and is more durable than the other described sources of trust because it requires 

people to be relatively tolerant to others unintentional mistakes. Nonetheless, the loss 

of this type of trust is the largest contributor to larger conflicts within a team and the 

most difficult to rebuild. 

Commitment trust originates from the existing formal agreements among team 

members and the extent to which the members honor these agreements. Everyone 

involved in the team is expected to gain mutual benefits from the collaboration, hence 

should be relied on to deliver result. Formal agreements are the base of this trust but 

shouldn’t be the tool to enforce collaboration. The use of the formal agreement to face 

productivity is a sign that commitment trust has been lost. In terms of durability it 

should be placed between companion and competence trust as it isn’t as fragile as 

competence trust because the underlying formal agreement and does not have the 

strength of trust built from companion trust.  

Further more Newell and Swan (2000) describe the interaction between the three 

sources of trust as being interrelated. In a low commitment trust situation, 

competence and companion trust are equally dependent on each other, one reinforcing 

the other. In a high commitment trust situation competence trust seems to increase to 

compensate for a decrease in companionship trust decreases and vise versa. This 

further stresses the role trust plays in the GDT setting. 
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3.6  Knowledge Transfer 

Information is data with relevance, meaning and purpose. Knowledge has the same 

relation to information. For knowledge to be relevant, three criteria are said to be 

necessary.  

• Knowledge is a collection of multiple experiences and perspectives.  

• Knowledge stimulates action from the environment as opposed to 

information, which doesn’t.  

• Knowledge is transferred from information when applied to a situation where 

no prior experience exists. (Nylinder, 2008) 

Like all other valuable things, individuals have a natural tendency to collect them, 

which in turn causes knowledge to not be utilized in its full extent. Effective 

organizations overcome this barrier through the use of effective knowledge transfer 

processes. (Wu et al., 2006) 

Innovation driven teams perform in a socially constructed environment i.e. they 

attempt to create a common understanding to be able to succeed in their tasks. In this 

setting, knowing who knows what is essential to be able to locate and access 

necessary resources. Further more; knowing who to trust is important in order to deal 

with uncertainty. These two concepts form the base of social capital, which in other 

words could be described as “know-who”. (Larsson, 2007) 

In GDTs, social capital plays a central part in enhancing the individuals’ knowledge 

capital. Knowledge capital is defined as the ability to engage in knowledge transfer 

processes i.e. an individual’s ability to transfer knowledge or her knowledge centrality. 

More knowledgeable and skilled members of a team tend to communicate their 

knowledge in an incomprehensible way and thereby reducing their overall contribution 

to the team performance. In the GDT setting it has been shown that the effects of 

communicative relationships on knowledge transfer are significant. Due to the added 

barrier of electronically mediated communication people tend to internalize knowledge 

only from those they have trust in. This implies that in order for a successful transfer 

of knowledge to take place both communicative behaviors as well as mutual trust are 

required. (Sarker et al., 2007) 

A commonly used description of knowledge is given by Ikujiru Nonaka (1991) who 

divides knowledge into explicit and tacit and focuses on the movement between the 

two. Explicit knowledge is tangible and could be presented in the form of written 

documentation. It’s easily transferred among individuals in the form of a computer 

program, requirements specifications or similar. Tacit knowledge is based on 

experiences and is highly individual; it’s described as the skills of a master craftsman 

who has developed a sense of how things are done. It consists of the unconscious 

cognitive processes that we take for granted and is not easily articulated. In this 

vicinity of explicit and tacit knowledge Nonaka (1991) describes four fundamental 

patterns of how knowledge is created within an organization.  
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From tacit to tacit (Socialization) – By observation, imitation and practice the 

apprentice learns new skills from the master and adopts them as his own. However, 

neither one of them gains any formal insight on their knowledge. Since this knowledge 

could not be put on paper and distributed throughout an organization, it’s difficult to 

leverage and use in an organization.  

From explicit to explicit (Combination) – This transformation is described as piecing 

information together from various sources to create new information. When the 

software developer integrates already existing code in to something new she could be 

described as engaging in this pattern of knowledge transfer.  

From tacit to explicit (Articulation) – When the software developer in this case is able to 

articulate the reasons behind his actions, then this knowledge could be of use for the 

organization. This also happens when the individual uses his tacit knowledge to create 

new things or procedures that could create improvements.  

From explicit to tacit (Internalization) – When emergent explicit knowledge is shared 

throughout the organization then people will be able to start to make it their own. It is 

at this stage that creation of innovations occurs. Individuals make use of new 

inventions emerging from the articulation of knowledge and use them as tools to 

perform their tasks.  

All patterns are described to exist in a knowledge creating organization and they 

interact constantly in spiraling relationship originating from tacit knowledge as 

illustrated in Figure 4. 

Socialization Articulation

Internalization Combination

Tacit Knowledge Explicit Knowledge

Tacit Knowledge

Explicit Knowledge

From

To

 

Figure 4 - The Knowledge Transfer Process (Nonaka, 1994) 

By creating networks and communities we learn from each other. The network is 

described to be the most natural and powerful vehicle for creating and sharing 

knowledge (Allee, 2003). The network by itself has no value; instead it’s the flow of 

information and resources that creates value. Use of the term “having a network” is 
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irrelevant as a network is a dynamic thing and needs to be maintained through 

intensive and sustained interactions. (Kramer and Wells, 2005) 

3.7  Communication 

Communication is defined as the process by which information is exchanged between 

entities through a mutual system of symbols, signs or behavior. (Merriam-Webster, 

2009) It is thus the process by which we assign and transmit meaning in an attempt 

to create a shared understanding.  

Because communication and social interaction play an important role in knowledge 

transfer some issues arise in the virtual world of GDTs. When communicating through 

technology people tend to simplify their messages which can lead to a loss of crucial 

information. The understanding how to use technology to communicate is imperative 

in order to accomplish a successful transfer of knowledge. Tacit knowledge is more 

difficult to transfer in a virtual setting which could be explained by the loss of 

information richness imposed by the technology being used (Duarte and Tennant 

Snyder, 2001).  

Another proposed explanation for the difficulties arising in a GDT is lack of 

communication skills as Wang and Haggerty (2008) introduce the concept of virtual 

competency and argue that there exist three essential dimensions of it within virtual 

organizations: 

• Virtual Self-Efficacy 

• Virtual Media Skills 

• Virtual Social Skills 

Virtual self-efficacy is the belief in one’s ability to perform in a virtual context and is 

built up by two components, computer self-efficacy and remote work self-efficacy. 

Computer self-efficacy is defined as the individual’s confidence in using computer 

technologies. Remote self-efficacy is in the same way defined as the confidence in 

ability to work with members of a remote team.  

The second dimension of virtual competency is virtual media skills and is the specific 

skill related to using computer mediated communication channels; not only the 

practical skills on how to use it but also the understanding of the opportunities and 

restrictions related to them.  

The third dimension relates to social interactions in the virtual setting and is therefore 

defined as virtual social skills. In a traditional setting people socialize all the time and 

social skill is a well known concept for most. However, in a virtual setting not all skills 

are applicable and new are added (Jarvenpaa and Leidner, 1999). Examples are the 

use (and misuse) of “smileys” to express feelings and capitalization to indicate raising 

your voice in the virtual world, which are hard to understand without learning the 

context.  

Knowledge transfer within GDTs requires individuals to be able to communicate 

efficiently. Communication skills are reflected in the individual’s virtual competency 
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and those with higher virtual competency contributes to the knowledge transfer 

process in a better way. It’s also proposed that individuals that are exposed to virtual 

settings will excel in all three dimensions of virtual competency. (Wang and Haggerty, 

2008)  

3.8  Communication Media 

Depending on the task at hand, requirements on communication capabilities vary. 

Tools used for communication could be positioned along a scale ranging from 

synchronous to asynchronous. A typical synchronous communication tool provides 

real-time communication capabilities such as a telephone or videoconference. On the 

other end of the scale, archetypal asynchronous tools would be old fashioned letters or 

emails. When choosing of the best fit of communication technology, social presence 

and information richness must be considered (Duarte and Tennant Snyder, 2001). 

Social presence is the level to which technology enables personal connection with 

others. Face-to-face meetings are positioned as the top of the scale and transfer the 

full dynamics of human interaction, while emails or letters could be positioned at the 

opposite end of the scale. In terms of available technologies, synchronous 

communications have more social presence than asynchronous communications. In 

the early interactions between team members, a high level of social presence is 

regarded as beneficial. This may not always be the case, as using communication 

technologies with a lower social presence removes cues that might be irrelevant, such 

as appearance, gestures and language difficulties. 

Information richness or the bandwidth of the communication media describes quantity 

and discrepancy of information transferring through it. A high level of information 

richness increases the possibility of transferring the true meaning of the 

communication. Video conference is the technology that today provides the highest 

level of information richness since the information that is transferred is not limited to 

the written or spoken words of emails and telephones but also allows for more subtle 

visual cues to transfer.  

The size of the GDT is an important factor to take into consideration when evaluating 

tools to be used for communication and collaboration. Individuals on smaller teams 

(suggesting 4-9 members) collaborate more closely. They are more active and aware of 

the common goals. In larger teams (suggesting 14-19 members) the formal structures 

are more distinct and preparation of meeting agendas and documentation is more 

common. Larger teams will to a greater extent make use of tools that facilitate the 

coordination of synchronous work. In smaller teams focus will more likely be on tools 

that facilitate collaboration. (Bradner et al., 2005) 

In a study conducted by Al-Ani et al. they found evidence that when making a decision 

on the communication model to be used, factors as team size, distance, number of 

localities, languages, task composition and/or cultures are often neglected and a 

discussion about the model of choice is often not carried through. Instead it’s 

suggested that communication evolves as the project proceeds and develop in the best 

suitable way considering the circumstances. (Al-Ani et al., 2008) 
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4  Proposed Framework for GDTs 

The purpose of creating this framework is to create a conceptual and applicable tool 

for analysis of the GDT setting and give an overview of the technical and social aspects 

of innovation in a distributed setting. 

Enhancing innovation capabilities is the scope of the data transfer process in this case 

and is interpreted to be equivalent to the software application that uses the OSI-model 

as the link for its network communication. A strict interpretation of the OSI-model 

would position the GDT framework above it, in which the physical layer of this 

framework corresponds to the application layer of the OSI-model. The available 

software tools for collaboration are the physical link in the GDT framework that 

transfers the information from the sender location to the recipient. 

The layers in the OSI-model are translated to the GDT setting in the way it is 

described in Figure 5. 

 

Figure 5 – Framework for GDT, based on the OSI-model 

At the highest level of abstraction the current field of study is positioned, in this case 

Mechatronics. Mechatronics embraces a perspective on engineering that on an abstract 

level requires the ability to identify partners to receive data from, determine necessary 

resources and synchronizing data from the different fields.  

The Learning Layer in this context gives meaning to syntax used and describes how 

individuals from various fields come together and must gain the ability to understand 

each other. The learning process is regarded to be of a high level of abstraction and 

could also be considered to be developed on a long-term basis. 
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The Collaboration Layer manages connections between local and remote location 

similar to the session layer in the OSI-model. The interpretation is based on how 

locally and remotely located members of the GDT manage to work together rather than 

working apart on a conceptual level.  

The Trust Layer handles uncertainties and risk within the GDT and describes how 

trust is used to create predictability and reliability. Reliability of communication is 

described in the GDT setting to build on the level of trust that exists with the team 

and is therefore compared to the transport layer in the OSI-model. 

The Knowledge Transfer Layer describes knowledge transfer to be a result of trust or 

more specifically that it cannot exist without trust. Knowledge is transferred through 

communication in the shape of explicit and tacit knowledge. This is the process of 

positioning the pieces together to create a whole which could be considered equivalent 

with the network layer.  

The Communication Layer relates to the necessity to figuratively speak the same 

language, not always is information received in the same way it’s sent. Rules for 

communication makes sure that the members involved are speaking the same 

language both literally but also addresses cultural and social differences, which are 

important aspects of this layer. Interpretation of information stemming from the 

communication layer is translated to the knowledge transfer process much like 

knowledge is decoded when sent through the communication media. 

The Communication Media Layer in this model takes on the role of the physical layer in 

the OSI-model to enable communication be transferred between the physical network 

and the entities connected to it. This is therefore the software used to connect to 

members of the GDT. 

All presented layers are dependant of each other and necessary to take into 

consideration in understanding how innovation could be created in this setting.  
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5  Case Study – SKOTEE 

During the spring of 2009 a joint project named SKOTEE between KTH, Stockholm 

and the U of M, Minneapolis with two student teams was created with SKRC as project 

owner. SKRC was opened in November 2008 and is a learning laboratory for clinical 

innovation with the aim to improve the care and services provided to patients at the 

Sister Kenny Rehabilitation Institute (Allina, 2009). The project owner of the SKOTEE-

project, Lars Oddsson, is also the director of research at SKRC, also an international 

node of the Swedish PIEp (Product Innovation Engineering Program). PIEp is “a 

national, long-term venture to increase innovation capability in people and 

organizations” (PIEp, 2009). SKRC is located at Abbott Northwestern Hospital, 

Minneapolis, United States of America and is a part of the Sister Kenny Rehabilitation 

Institute, Allina Hospitals & Clinics. Allina Hospitals & Clinics is a non-for-profit 

organization with eleven hospitals, several clinics and other care services throughout 

Minnesota and western Wisconsin. It almost has 24.000 employees and is 

headquartered in Minneapolis. Sister Kenny Rehabilitation Institute is the leading 

rehabilitation provider in the region and treats more than 70.000 patients every year 

at their clinics focusing on for example back pain, spinal cord and acquired brain 

injuries (Allina, 2009).   

The scope of the SKOTEE project was to create a proof of concept of a system aiming 

to provide adherence support for home exercise programs. The system consists of an 

exercise device that interacts with a robotic platform as seen in Figure 6, which in 

turn enables communication with clinicians and family, reminders of important events 

and social companionship. (Oddsson et. al., 2009)  

 

Figure 6 - The SKOTEE robotic platform 

Results of the SKOTEE project, based on interviews and observations, are presented in 

chapter 5.1 . In chapter 5.2 the results are analyzed using the earlier proposed model 

for GDTs and in chapter 5.3 a discussion of the analysis is presented.   
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5.1  Case Study Results 

The first weeks were spent planning, setting up and choosing tools for documentation 

and communication within the SKOTEE project. A project model was chosen, which 

gave structure to the planning of the project. This initial phase of planning was to a 

large extent guided by deliverables required for the U of M students since their 

curriculum was more clearly specified. Both teams engaged in producing the required 

documentation even though it was primarily a requirement for the U of M students.  

In this first phase the motivation was on a high level and the students displayed a 

high level of commitment trust, the primary driver of this form of trust as described by 

the students was that the project felt “real”, with outside of school project owners and 

international collaboration. An image from a project meeting at Sister Kenny research 

center is shown in Figure 7.  

 

Figure 7 - Project meeting at SKRC with students from both universities 

Collaboration in the early stages of the project was a little challenging; the students 

had difficulty initiating communication. Both teams expressed a desire to divide the 

task among the two teams early on. Given that both teams were encouraged to follow 

the curriculum of the U of M team, a need to communicate was established. The need 

for communication was especially apparent between the two team leaders who were 

responsible for planning the project. They spent time communicating and described 

that once the first hurdle was conquered it was a lot more motivating to work together. 

Both team leaders played a major role in motivating the other members to view the 

project as a whole and not as two separate parts.  

In the early phase there was also a kick-off session that consisted of playing an online 

computer game. It was a bit of a struggle to get everything functioning as it should 

and no voice communication was available. It was suggested by the students to use a 
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more simple game and environment next time in order to be sure everyone could 

participate and lower the setup time.  

The environment used for the coordination of activities, documentation and logs was 

Projectspaces®. The students were encouraged to write a short presentation about 

themselves together with a photo on this site. The documentation system was not very 

transparent and lacked sufficient features for communication; therefore another tool 

was used for this purpose. DropBox® enables synchronization of documents and the 

use of documents offline, since a copy of the common storage place is saved on to the 

local computer. An interesting feature of this software is that it, a part from managing 

and displaying documents on a webpage, allows the user to run software on the local 

computer that among other things shows a popup window when documents are being 

updated.  

Collaborative mind maps on Mindmeister.com® were used in the brainstorming 

sessions together with Skype® for voice communication. After a finished session in 

this software the mind maps can be stored as the original image as seen in Figure 8 or 

in the format of a structured written document to be used for future reference. The 

students found these sessions very useful.  

 

Figure 8 - Results from a virtual brainstorming meeting 

Early on in the process the team made the decision to have weekly video conferences 

every Friday. These were held early in the morning Central Time (GMT - 6) which was 

equivalent to the afternoon in Sweden. The weekly videoconferences involved the 

project owner and the students from both schools. This time was used as a tool for 

more elaborate discussions, synchronization, questions regarding the task and to get 

everyone to know each other better. The video conferences were supposed to be 

initiated with a short description of what each individual had spent their week 

working on and existing issues, if any. The goal was to push the Swedish students to 
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use English and to get everyone communicating, thereby increasing their skill in the 

video conferencing media. As the project progressed this became less a part of the 

conferences because it was a struggle to get good information out of everyone. When 

the project managers were asked to start, everyone else simply agreed with what was 

said and when the opposite was tried no one really had anything to say. Unfortunately 

the video conferencing equipment was not ideal. Connecting with the students in 

Sweden was not the issue, the lack of quality in the transfer however, proved to be a 

challenge. When the students first met they were surprised and almost didn’t 

recognize each other, which was described to be partly related to the quality of the 

video. The KTH students had access to better equipment at times but had to leave 

their project space in order to have access to the media, which was a bit of an obstacle 

and didn’t allow spontaneous communication.  

As the project was moving in to the second phase a lot of time was spent on 

negotiating requirements. This proved to be a challenging task because it also involved 

the project owners making it a three way communication. This was a very 

communication rich part of the project that brought the teams together towards a 

common goal. 

Email was used for a lot of the communication and the weekly status report was a 

communicated using this form of media. The weekly status report was sent out to all 

members and projects owners as well as the KTH faculty advisors in the beginning of 

every week and included a summary of last week’s work as well as upcoming 

deadlines and current issues. The supervisors of the U of M students each had more 

than ten projects to keep track of and after discussing this issue with the U of M 

students it was decided to not send this email to the U of M faculty. The weekly logs 

were put together by the lead engineer as a summary of logs written by the team 

leaders. This was an appreciated part of the project as it provided synchronization 

between the two teams.   

Early on it was understood that the knowledge that existed within each team was 

different. The students were aware that their expertise was best suited for one of the 

tasks. U of M team had a more mechanical expertise and the exercise device that was 

developed had an obvious mechanical focus. The robot platform had a higher level of 

complexity and was more focused on electronics, software and controls, thereby more 

fitting the KTH students’ curriculum. This asymmetry led to a division of tasks among 

of the two teams. Still, the students thought that this setting with two teams with 

different educational backgrounds was preferred over two teams with the same 

backgrounds. 

When the task was divided in to two separate parts, the communication between the 

two teams somewhat fell apart. Both student teams worked in isolation from the other 

team to perform their respective tasks. As a result of this lack of communication, 

around midterm the project scope for the U of M students seemed too broad and it 

looked as if it wouldn’t be accomplished in time and actions had to be taken. A 

meeting was set-up to discuss how to proceed with the remaining part of the project. 

The students were asked about their thoughts on how they were planning to 

implement all functionality described in the requirements. Based on that meeting, an 
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agreement was made on cutting down on the requirements or at least proceeding with 

one step at the time to make sure that at least something was delivered at the end of 

the project.  

The planning of the trip to the US for the KTH teams was another turning point as the 

teams got a new reason to communicate. The two teams had meetings and displayed 

what they had accomplished so far. The interface between the two parts of the system 

was decided upon and time was spent getting to know each other. Towards the first 

delivery when the second group of KTH students arrived for the final presentation at U 

of M seen in Figure 9, both teams worked together trying to integrate the two systems. 

These meetings to show and talk about tasks was fruitful as the students later 

described that they got to know each other a lot better during this time. Some 

students expressed specifically that it’s easier to collaborate once you get to know the 

people you work with, and proposed that the teams should meet physically early on in 

the project. 

 

Figure 9 - SKOTEE team after the design show at U of M 

Despite some issues that arose during the project and added complexity towards the 

end, none of the interviewed students would’ve preferred another project.  

All students agreed with that communication is the key for a successful project and it 

was even suggested that you cannot communicate enough since it only strengthens 

the bonds between team members. After project closure, students expressed a 

satisfaction with the fact that the two teams were somewhat forced to work together 

and do planning in the beginning, since it facilitated work later on. 

Improved skills and confidence in communicating in English was something the KTH 

students regarded as a great experience. The University of Minnesota students 

expressed the opportunity to experience another culture, and see that it wasn’t 

different at all, as a great experience.  
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The nature of the task did not allow for the greatest degree of collaboration because it 

didn’t allow enough sharing of different cultural backgrounds. This was suggested to 

be the results of the fact that a lot of background information on the device that was 

developed came from the project owners and left little room for new ideas. It was 

described to not really motivate the students to explore new solutions. If this setting 

would’ve been more open, collaboration might have been encouraged in a more 

obvious way.  

The conclusions drawn by the students from the SKOTEE project were mainly positive. 

Almost all students describe the socially related cultural exchange as positive aspect. 

The KTH students felt more secure with their education after this project, all students, 

however, expressed that they’ve gained better insight in their abilities. One student 

even said that this project made him confident about going back to school to learn 

more and earn another degree. 

5.2  Case Study Analysis 

This chapter applies the lower levels of proposed framework for GDTs, Collaboration, 

Trust, Knowledge transfer, Communication and Communication media, in an effort to 

explain why the studied project developed in the way it did.  

5.2.1  Collaboration 

In the beginning the students expressed that the project was too much focused on 

collaboration rather than on the task at hand, which could be related to the GDT 

setting and the assumption that distributed teams are more task oriented than co-

located teams. It could also be related to the fact that the students felt that they 

needed to both perform the same work as the fellow students in other projects and on 

top of that engage in collaborating with a team in another part of the world. 

Viewing the project from the perspective of collaboration vs. cooperation displays some 

of the issues that arose during the project. All prerequisites necessary for a successful 

collaborative setting, especially the communication related symmetry, did not form in 

the beginning.  A lack of communication left the students uncertain about their status 

in relation to the other student team. For the two tasks that the project divided into, 

there could be said to exist a lack of symmetry of status for team members to be 

allowed to collaborate cross functional. Since the task was divided into the two fields 

of expertise the students might have felt that their collaborators were more expert 

within their field and therefore not willing to fully express their own thoughts. The 

students’ views on their knowledge in relation to the other team members were limited 

to the formal status of their education e.g. a Bachelor versus a Masters education or 

an American education versus a Swedish education, which prevented symmetry of 

knowledge to form. Symmetry of action is also hard to form without enough 

communication and therefore a lack of such could be said to exist, which further led 

to the cooperative setting. 

Common goals were negotiated and spelled out. However, collaboration was seen as 

adding complexity to an already complex task, and was therefore not preferred. The 
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division of labor that occurred resulted in two in parallel running tasks without 

interaction in between. 

What turned out to be the largest issues within this project wasn’t primarily related to 

the interaction between the teams. Social loafing proved to be an issue within the U of 

M team, which could be derived from a lack of accountability. The U of M students 

weren’t graded primarily on their own performance but on the performance of the 

project. Another explanation, as earlier studies have shown, is that lack of trust could 

be displayed as a feeling of a lack of accountability; this is especially true in an 

environment that lack formal control systems. In the initial phase of the project focus 

was on creating a trusting environment for the international collaboration and in this 

process the local team trust might have been neglected. The KTH team had an initial 

phase of team building and members had worked together prior to this project, here 

the lack of trust was not apparent. 

5.2.2  Trust 

The focus on deliverables early on in the planning phase of the project increased the 

need for the students to interact and in this process being somewhat dependant on 

each other. The short time span for deliverables in this phase of the project and the 

highly motivated environment, it could be expected that swift trust was formed. The 

students worked towards common goals and efficiency was high.  

When the project left the planning phase the sources for swift trust to exist was less 

apparent and other sources of trust had to emerge. Commitment trust in between the 

teams from the two universities was low after the planning phase when the project 

divided into two separate parts. In this low commitment trust situation companion 

and competence trust reinforces each other; therefore it was necessary to in some way 

start interacting. The KTH students’ first visit in Minneapolis was a turning point 

since it increased companion trust and in this situation also reinforced competence 

trust. In total this created a more trusting environment which led to a higher 

commitment to the common task. Towards the end of the project, commitment trust 

seemed to increase and the students were more motivated to collaborate.  

Competence trust evolved to some extent towards the end of the project when students 

had a chance to work on some common tasks, but since the work was mostly divided 

prior to that this dimension of trust was never displayed fully. However, because the 

high commitment trust developed at this point the companion trust could be said to 

compensate for this deficit. Companion trust was formed between the two teams after 

the physical meetings. Cursors of this trust were also displayed through the actions of 

two University of Minnesota students that self-funded a trip to Stockholm and came to 

visit at the time of the KTH presentation.  

5.2.3  Knowledge Transfer 

The interactions between communication and trust could be explained by the level of 

social capital. The lack of communication in the early stage of the project led to a lack 

of information to create knowledge from. Knowledge about who to trust and who has 

information was never allowed to take shape at this stage, which led to a lack of social 
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and knowledge capital for the team members. In this situation trust is not likely to 

develop. Continued communication increased the knowledge base for the members. 

Combination of knowledge was possible through the use of a common project space 

where documents could be shared. It was apparent that in the beginning of the project 

a lot of information was put on this common project space as the members tried to 

articulate their knowledge. The amount of new documents decreased as the project 

proceeded, which could be explained with the internalization process of knowledge as 

students used the created explicit knowledge and made use of it in their work.  

When the scope for the U of M part of the SKOTEE project got out of hands and 

required actions, the impact of knowledge transfer processes became apparent. The 

reason for this event could be described to be both of a technical as well as of a social 

nature. Knowledge of the unrealistic technological level for the concept, which was the 

reason for this change in direction, existed within the KTH team that was more 

knowledgeable when it comes to implementing controls and electronics. However, 

since the teams at this point had divided in to two separate teams, this knowledge 

didn’t surface in a sufficient way.  

5.2.4  Communication 

In the situation described in the earlier paragraph one team was not aware of the need 

of sharing their knowledge and the other team did not know where they could turn for 

the knowledge they needed. This could be related to the limitations of the GDT setting 

and how tacit knowledge does not transfer well in this setting. That a general lack of 

virtual competency existed is hard to argue because the students could be considered 

well adapt in virtual social and virtual media skills. However, most of the students 

weren’t very comfortable with the videoconferencing in the beginning and displayed a 

lack of virtual efficacy. This skill developed with experience and later in the project the 

students described to feel perfectly comfortable. This also showed in the quality of the 

meetings as people started talking more and make their opinions heard. When initially 

meeting with both teams of students on-site opinions were heard to a greater extend 

and they expressed their thoughts more thoroughly. Therefore it could be assumed 

that the lack of experience using the videoconferencing tool to some part explain the 

experienced uncomfortable feeling. 

5.2.5  Communication Media 

The initially chosen Projectspaces® tool provided a fairly low level of information 

richness and because of its non-sufficient synchronous capabilities it was not used 

that much. Email was used as the primary asynchronous media and the forum and 

discussion capabilities of Projectspaces added nothing to that. 

A feature in the later used documentation tool, DropBox®, allowed users to be notified 

of recent changes in files. This added richness to the communication as it allowed 

members to get a feeling that other team members were currently working. Therefore 

this could be considered as a tool with a higher level of information richness than 

other comparable documentation systems because of this little notification feature. 
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The Mindmeister® tool used for brainstorming made it possible for participants to 

interact and explain thoughts graphically in real-time. This synchronous tool could 

therefore be regarded to provide a fairly high level of information richness together 

with the voice communication provided by Skype®. 

Essential for developing a better knowledge about each other in this project was the 

use of video conferences, since this tool allows for better transfer of more subtle cues. 

The other tools could be said to facilitate work in a better way, however, for the social 

process and creation of trust this tool proved a lot more useful. During the video 

conferences a lot of time was spent talking about the work to be done or asking 

questions about documents written. This could in reality be interpreted as being an 

opportunity to getting to know each other and deciding whether to trust your 

teammates or not.  

5.3  Case Study Discussion 

The proposed framework was useful in analyzing the SKOTEE project since it displays 

how events during the project could be related to several layers of the framework. 

Technical issues arose that were related to social aspects of the collaboration, at the 

same social issues arose that could be directly related to technical aspects. An 

example of how a technical issue affects the social aspect of trust is the feeling of 

scope begin too broad in the beginning of the project and that it felt time consuming. 

In a lot of aspects this could be connected to the increased difficulties of 

communicating through a media in which the students lacked experience. This in turn 

made the students feel that they were better off dividing the project in two parts to not 

having to overcome this obstacle of communication. This could have been solved with 

an early physical meeting to focus on creating companion trust early on, which was 

also something that was suggested by several of the students. Examples that have 

been presented in this chapter show that traditional team theories are not fully 

applicable to GDTs, since they don’t address the affects of technology. 

Another important aspect is the understanding from stakeholders that work in an 

GDT could have higher barriers of entry and this should therefore be taken into 

consideration. The U of M curriculum deliverables didn’t really take this in to 

consideration. The KTH curriculum was more flexible in terms of delivery dates and 

the nature of the deliverable in the initial phase which was a single report; this 

provided a greater flexibility. There might exist a need for further communicating 

expectations from academic stakeholders. 

Even though a great focus was on communication, it could be concluded it wasn’t 

enough in the early stages of the project. Quality of communication is important but 

primarily quantity. Because of the time difference and distance it’s not always easy to 

be spontaneous about the communication, setting up tools for more spontaneous 

communication is an important lesson learned.  

Interesting is that cultural differences were not perceived as apparent. An U of M 

student expressed that the team of Swedish students might as well have been located 

in New York since the cultural or language barriers were not obvious. One thing that 
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could be described as somewhat of a barrier is the different levels of education. Not in 

a true sense but more in the heads of the participating students, since it leads to 

expectations related to level of knowledge that might not reflect reality. 
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6  Mechatronics Alumni Survey 

During the 25 years the Mechatronics education has existed at KTH, 708 students 

have received their exams (Alumni database, 2009). Several of the Advanced Course in 

Mechatronics projects have proceeded in collaboration with international partners. 

The vast majority of these international projects have been associated with Stanford 

University, California, US. A total of 105 Mechatronics students have been involved in 

the following eight projects during the last 14 years in collaboration with Stanford 

University (Skejo, 2007): 

• HOBBIT (04-05) – Airbag adjustments (6 students) 

• InteliCare (03-04) – Intelligent home systems (6) 

• Elemental Game (03-04) – Virtual/Physical Toys (15) 

• R-Lab (02-03) – Virtual laboratories (23) 

• Company C (00-01) – Embassy Game (12) 

• MUCCA (99-00) – Voluntary Milking System for Alfa Laval (12) 

• PMI (97-98) – Personal Medical Instruments (15) 

• BRAIN (95-96) – Surgical Drill (16) 

On top of the Stanford projects there have also been several projects with international 

project owners; these are: Boston Tea party (01-02) – A balance prosthesis (12 

students), Hippiefix (05-06) – An instrument to predict injurious fall risk (6), StepWiz 

(2008) – A continuation on Hippiefix (5) and SKOTEE (2009) – A home tele-

rehabilitation system (6). 

In 2006 an alumni database was created and former students were motivated to log on 

and change their contact information. This database serves as a tool to get in touch 

with the broad base of active Mechatronics engineers. As of April 2009, 410 alumni 

have logged in to the database and could be considered members (Alumni database, 

2009).  

In order to investigate the experience gained using GDTs during the education of 

today’s engineers a survey study was conducted as a part of this thesis project. The 

survey targets the entire database of active Mechatronics alumni members to be able 

to draw conclusions on the impact international collaboration has had on the alumni.  

Earlier studies have been performed on the career paths of Mechatronics alumni. This 

study drew inspiration and knowledge from a study conducted on Career and 

Innovation (Skejo, 2007). Some questions have been copied from Skejo (2007) to follow 

up on those results. However the Skejo study didn’t specifically target the impact of 

international collaboration, which has been the scope of this study; therefore 

questions regarding the GDT setting have been added.  

In chapter 6.1 the objective of this study is further elaborated. Chapter 6.2 describes 

the hypothesis and results from the answers of the individual questions of the survey 
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are presented in chapter 6.3 . Finally in chapter 6.4 a discussion on the survey results 

is presented.  

6.1  Objectives 

The following objectives were identified for the Alumni survey:  

• To present a profile of the future careers of Mechatronics students.   

• To study whether international collaboration in some way affects innovation 

capabilities and future career paths of students involved in the projects and 

thereby study the motivation for using GDTs in Mechatronics education.  

• To follow up on earlier conducted surveys concerning career paths of KTH 

Mechatronics alumni.  

6.2  Hypothesis 

Based on the objectives the following hypothesis was proposed. 

• H1: The professional environment of Mechatronics alumni benefits from 

experience in GDTs. 

• H2: Innovation capabilities will be positively affected by experience from 

GDTs. 

6.2.1  Operationalization of proposed hypothesis 

The first hypothesis, H1, was operationalized through the questions 15, 16, 18, 23 

and 25. Through question 15, which asks whether the alumnus has been employed 

abroad, question 16, which entail participation in a project with international 

members, and question 18, an estimate of how the experience from international 

collaboration in the education effect the career, the international element of the future 

career is investigated. Question 23 investigates the distributed team experience of the 

alumni and the contingent participation in a distributed team. In question 25 the 

participation in distributed teams is further pursued and the respondent is asked to 

rate that experience.  

For H2 a measure of innovation is derived from the number of patents the individual 

is involved in, scientific publications and started companies and is attended to in 

questions 19-22. These questions are cross tabulated with question 6, which answers 

whether the alumnus was involved in a GDT during his/her education. How the 

innovation capability is used in a GDT is answered in Question 24 by respondents 

which have been working in a distributed team, as answered in question 23. Alumni 

that have been working with international project members, as answered in question 

16 are also asked to estimate their innovation capability in question 17.  

6.3  Survey Results 

The survey was sent to the 406 members of the Alumni database which were those 

that had logged on and updated their e-mail addresses at the time the survey was sent 

out. 112 answered the survey which equals a response rate of 112/406 ≈ 28%. Two 
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responses were left out due to a failure to complete all questions in the survey and one 

response was removed because the respondent was still a student; therefore the total 

number of survey respondents was 109.  

A brief summary of the results are presented in this chapter. The complete results are 

presented in Appendix I.  

Q1. Year of graduation 

Respondents represented almost every year of graduation; however most responses 

were received from recently graduated students.   

Q2. Which company/organization are you currently employed at? 

The second question addressed the current workplace of the alumnus. In total 78 

companies are represented and the two largest employers are Scania CV AB and ENEA 

with ten and six alumni employed respectively. 

Q3. What type of employment do you have in your current position? 

Most alumni, 82%, have a permanent position. Also noticeable is that 10% run their 

own business.  

Q4. In which field are you currently active? 

This question relates to which field of expertise the alumnus is active within. 42% 

chose the alternative “technology” and 34% research and development.  

Q5. Which HK (Advanced Course in Mechatronics) project were you involved in? 

The results from this question show that the survey participants were involved in a 

multitude of projects. 

Q6. Did you participate in a HK project that involved international collaboration? 

24% of alumni reported that they were involved in a project with international 

collaboration in some way. Most of these have been in collaboration with Stanford 

University. 

Q7. What engineering curriculum did you follow? 

72% followed the mechanical engineering curriculum initially during their education 

and 17% followed the Industrial Engineering and Management curriculum. Also 

represented are Materials design, Vehicle Engineering and Design and Product 

Realization.  

Q8. Is your current job relevant to your… general engineering education… 

engineering curriculum… engineering specialization (Mechatronics)? 

This question was divided into three parts and the survey respondents rated how well 

the statement was relevant to them on a 7-point scale where 4 is the median.  

The average score for the general engineering education was 5.35 of which 56% 

responded very good or excellent, which is equivalent to the highest two points of the 

scale.  

The engineering curriculum received an average score of 4.47 and 38% responded 

either of the two highest points.  
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In terms of the specialization, the survey respondents scored an average of 4.59 with 

42% of the answers within the highest two points of the scale.  

When cross-tabulating this question with question 6 and the positive answer, the 

responses gave the average score of 4.63, 3.78 and 3.67 respectively.  

Q9. Which field of technology within Mechatronics are you currently active within? 

(Multiple choice) 

The Mechatronics field was in this question divided into mechanics, control systems, 

electronics design, software development and other, which captured answers from 

alumni not working within the field of Mechatronics. This question allowed multiple 

answers. Almost 70% of alumni work with software development in some way and 

22% other.  

When cross-tabulating with question 6 and the positive answer 50% work with 

software development and 33% responded “other”.  

Q10. Have you studied abroad? 

From the responses 45% of the Mechatronics alumni have studied abroad.  

Q11. Did you find the international connection within the HK-project rewarding… 

from an experience perspective… from an educational perspective… from a career 

perspective… from a project result perspective? 

This question consisted of multiple parts and was only addressed those who answered 

question 6 positively. The answers were given according to a 7-point scale and the 

average results were 5.77 from an experience perspective, 5.23 from an educational 

perspective, 4.81 from a career perspective and 4.69 from a project result perspective.  

Q12. How long did it take before you receive your first job after graduation? 

The number of Mechatronics alumni that have a job within 3 months from graduation 

is 89%.  

Q13. Have you had a manager position? 

61% of the Mechatronics alumni have had a manager position. 

Q14. Have you worked as a project manager? 

Of all the Mechatronics alumni 59% have worked as a project manager. Filtering out 

graduates from 2005 and prior years show that 76% have been working as a project 

manager.  

Q15. Have you been or are you employed abroad? 

21% of Mechatronics alumni have been or are currently employed abroad.  

Q16. Have you as an employee participated in a project with international 

members? 

78% of Mechatronics alumni have been employed in projects with international 

members. 
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Q17. In what way has your international experience affected your innovation 

capability? 

This question was a structured as a 7-point scale and the average score was 4.32 

which are slightly higher than the average point of the scale; 4. The most frequent 

answer was “Neither”. 

Q18. In what way has your international experience affected your career? 

This question was a structured as a 7-point scale and the average score was 4.44 

which are slightly higher than the average point of the scale; 4. The most frequent 

answer was “Good”.  

Q19. Have you published a scientific article? 

83% of the Mechatronics Alumni have not published a scientific article; the remaining 

17% have published one or several.  

Q20. Have you ever started an own business? 

30% of the Mechatronics alumni have started at least one business of their own.  

Q21. Do you have a patent on an own invention? 

6% of the Mechatronics alumni own at least one patent on their own invention.  

Q22. Have you been listed as an inventor on a patent? 

12% of the Mechatronics alumni have been listed as inventors on one or several 

patents.  

Q23. After your education, have you been involved in a distributed team? 

60% of the Mechatronics alumni have experience from a distributed team after 

graduation.  

Q24. How do you experience the innovation capability in a distributed team? 

This question was answered by Mechatronics alumni that have experience from a 

distributed team and is structured as a 7-point scale. The average score was 4.55 

which is slightly higher than the average point of the scale; 4. The most frequent 

answer was “Good”. 

Q25. Did you perceive the experience from the distributed team as rewarding? 

This question was answered by Mechatronics alumni that have experience from a 

distributed team and is structured as a 7-point scale. The average score was 4.98 and 

the most frequent answer was “Good”. 

Q26. What do you believe the greatest challenge is for the future Mechatronics 

education? 

The final question was an open ended question in which the respondents were 

promoted to write their general comments. Several responses stress the importance of 

preparing students for innovation in their professions as well as being able to tie in 

Industry during the education.   
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6.4  Survey Discussion 

Some of the more interesting results to highlight from this study are: 

• 30% of the alumni have started at least one business of their own. 

• 21% are currently or have been employed abroad.  

• 78% have worked in projects with international members. 

• 76% of alumni with more than 4 years experience within the profession have 

been appointed projects managers.  

• 60% have been involved in a distributed team in their profession career.  

The reality of today is that global teams exist for Mechatronics alumni. This does not 

tell whether they would need the experience already during their education, but it is 

however a valid thought. Working as a project manager to lead global projects seems 

also to be one of the tasks that alumni are faced with. The survey did however not give 

any results that could be used for confirming or rejecting the first hypothesis. The 

results show however a tendency that alumni that have experience from globally 

distributed teams find that experience to be positive.  

The second hypothesis; whether innovation capabilities are positively affected be 

experience from GDTs in education could not read from the results. It is possible that 

the chosen measured parameters of innovation capabilities are not relevant in this 

case. Suggestions of other parameters involve career paths, current salary or status in 

current employment. It is also possible that the benefits gained from GDTs come from 

other sources that indirect could affect innovation capability.  

In a comparison with the survey performed by Skejo (2007) there are some interesting 

differences and similarities to notice.  

• 30% have started at least one business of their own, which is comparable to 

25% in the 2007 survey. 

• 89% of Mechatronic alumni have found an employment within 3 months 

from graduation which is comparable to 85.2% in the 2007 survey. 

• 59% have worked as a project manager compared to 50.9% in the 2007 

survey.  

• 39% have had a manager position compared to 28.6% in the 2007 survey. 

• 45% have studied abroad during their education compared to 39.8% in the 

2007 survey.  

• 21% have worked or are currently working abroad compared to the 2007 

survey in which “very few” responded that they have experience from 

employment abroad. 

In general the results are comparable to those received from the survey performed by 

Skejo (2007). One interesting difference is the number of alumni employed abroad, 

which might be related to the fact that the topic of the survey might have attracted 
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response from those alumni that could relate to it. Overall the results are comparable 

to those received by Skejo (2007) which give some support to the reliability of these 

results.  

It is probable that some students registered in the alumni database have not yet 

graduated and shouldn’t have received the survey.  

Results could be biased by the fact that the survey was sent out with a description of 

the topic of this thesis project, which could have made individuals experienced in the 

topic more prone to respond. 

The relatively low response rate could be a result of the email database not being 

updated and the survey might therefore not have reached the entire targeted 

population.  
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7  Discussion 

In the knowledge economy innovation is everything and the creation of knowledge 

builds the foundation for innovation. As students come together from different 

cultures to collaborate in a common environment they might be able to reach into new 

innovations. In many ways cultural differences is seen as obstacles and something to 

work around, however as a student expressed it: 

 “This kind of collaborations would probably benefit even more by having a task that 

builds on knowledge of different cultures, as for example a task related to 

environmental controls.”  

What is gained from this global educational setting could be described as awareness; 

awareness of cultural differences and similarities, awareness of the social and 

technological interplay and awareness of the higher level of complexity that at first 

sight might seem negligible. Gaining expertise in this setting of global collaboration is 

useful because it is built on experiences instead of explicit knowledge. The learning-

work of a product design team, for example, involves the individual, intra-personal 

communication processes going on within the mind of each person and the 

interpersonal communication occurring among the group from their individual 

locations. In the case study it has been presented how issues at the technological level 

of communication, for example a bad Internet connection, influence this intrapersonal 

interaction and the learning process in the end. The other way around has also been 

shown to exist as technology is affected by the specific context in which it is used.   

As have been tried to show in this thesis, the characteristics of GDTs add complexity 

that should be taken into consideration when designing the educational setting. 

Further more, a focus on innovative capabilities is today more than ever related to 

international collaboration with the environmental awareness and the related globally 

coordinated actions as a recent example. In order to fully take advantage of the 

possibilities given from GDTs in an educational setting the given task should 

preferably have a clear global focus. Therefore, as an example, a suggested future 

project within the Mechatronics curriculum could focus on the clean tech market. The 

car industry would in this example be an interesting target especially in combination 

with the American culture and the existence of completely different views on the use of 

cars as a mean for daily transportation in comparison to Sweden.  

As this thesis has shown there’s room for improvements to the work model followed by 

the students, to adapt it to the global communication intense setting. An interesting 

next step following this work could be designing and adaptation of a design process 

model taking the characteristics of GDTs into consideration. 

The survey part of the study should be seen more as an overview of the career paths of 

Mechatronic alumni that a motivation for the use of GDTs. Future work building on 

this could focus on trying to measure whether there exists measurable positive effects 

from learning in GDTs during engineering education.  
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8  Conclusion 

Presented in this report is a framework for analyzing GDTs in an educational setting. 

The framework incorporates several important factors to consider when setting up a 

team to participate in collaboration across borders of countries, time and professions 

for the purpose of creating innovations.  

The proposed framework could be useful in understanding the processes that control 

GDTs. The interaction between social and technical aspects of GDTs is apparent when 

viewing the setting as an information flow across a network structure. From a 

perspective of a layered model, the importance of all parts working well together is 

apparent as well as the importance of understanding the complete system. If one layer 

is removed in network communication, the flow of data gets corrupt and will not reach 

its recipients the intended way. The same goes for the GDT, remove one component 

and see how the complete flow of information gets corrupt, which happens in the case 

of lack of a trusting environment. Technical issues affect the social interactions as well 

as social issues affect the technical structure and its use. The interaction between 

technology and sociology was apparent in the case study.  

Even though the result from the survey could not support the suggested hypothesis it 

did neither clearly show to inflict negative impact on future career and innovation 

capabilities. As some of the students reasoned, there could have been other positive 

outcomes from working in a GDT. Other values could have been added to the 

academic results and experiences. Connecting to the need to have a broad scope on 

the approach to today’s engineering problems; the experience of working in a GDT 

might have an impact on the future career. It is described that the environment 

Mechatronics students are exposed to in their careers is dependant on innovation 

capabilities and international exchange. In a comparison with the survey preformed by 

Skejo (2007) it might be possible to distinguish a trend of increased global 

collaboration in the Mechatronics alumni careers. Therefore it might be motivated to 

use and further extend the use of GDTs in the Mechatronics curriculum. 
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Appendix I – Results from Alumni Survey  

Here are the complete results from the Alumni survey. 
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2. Which company/organization are you currently employed at? 

ABB Robotics MSoftDevelopment 

Accenture MYDATA automation AB 

ALPS Electric NASDAQOMX 

Arthur D. Little National Instruments 

Assa AB Navetti 

AstraZeneca Nordea 

Atlas Copco Plockmatic International AB 

Baker Hughes 

PocketMobile 

Communications AB 

Balanz Prevas AB 

Boston Consulting Group REC ScanCell 

BSH Hushållsapparater AB Saab 

Centigo AB Saab Avitronics 

COIN Investment Consulting 

Group Sandvik Coromant AB 

Combitech AB Scania CV AB 

Connecta AB ScanWind 

Danaher Motion Sectra Communications 



ii 

 

 

 

Devici Consulting Semcon 

Diabol AB SJM 

EF Skanska 

Egen företagare ST-Ericsson 

EIS by Semcon Stoneridge Electronics AB 

Enea Swedbank IT 

Ericsson Swema AB 

ERules Syntronic AB 

Fengco Real Time Control AB T2 Data AB 

Försvarets Materielverk FMV Tailormade AB 

GM Texas Instruments 

gonoTech 

The Boston Consulting 

Group 

Hilti (Schweiz) AG The MathWorks 

HiQ Stockholm AB Top Notch Design AB 

HotSwap Toyota Motor Europe 

Högskolan på Gotland Triona AB 

Kennet Jansson Consulting AB Tritech Technology AB 

Konsult UCG 

KTH Västtrafik AB 

Manodo AB Xelmo AB 

McKinsey Yanzi Networks AB 

Mecona Teknik AB ÅF 

Micronic Laser Systems AB 

Åkers Krutbruk Protection 

AB 

Motorola Örebro universitet 
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3. What type of employement do you have in your 

current position?

2%

82%

5%
1%

10%

Other

Permanent Position

Project Position

Hourly Based

Position

Own Business

 

4. In which field are you currently active?

16%

42%

34%

1%

7%

Other

Technology

Research and

Development

Administration

Business and

Economics
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6. Did you participate in a HK project that involved 

international collaboration?

24%

76%

Yes No

 

7. What engineering curriculum did you follow?

3%

72%

7%

17%

1%

Other

Mechanical

Engineering

Vehicle Engineering

Industrial

Engineering and

Management

Design and Product

Realisation
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8. Weighted average of relevant job

5,35
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9. Which field of technology within mechatronics are you 

currently active within? (multiple choices possible)

29 27 26

75

24

0

10

20

30

40

50

60

70

80

Mechanics Control systems Electronics

design

Software

development

Other

 



vi 

 

 

 

10. Have you studied abroad?

45%

55%

Yes No

 

11. Did you find the international connection within the HK-project rewarding…

0 0

2
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1
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0

2

0
1 1

4
3 3

7
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…from an experience
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…from an educational
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...from a career

perspective

…from a project result
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Not at all

Bad
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Neither
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Very good

Excellent
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12. How long did it take before you receive your first 

job after graduation?

54%

34%

6%

5%

1%

I got my job before

graduation

0-3 months after

graduation

4-6 months after

graduation

More than 6 months

after graduation

Still haven't got a

job

 

13. Have you had a manager position?

39%

61%

Yes No
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14. Have you worked as a project manager?

59%

41%

Yes No

 

15. Are you/have you been employed abroad?

21%

79%

Yes No
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16. Have you as an employee participated in a 

project with international members?

78%

22%

Yes No

 

17,18. In what way has your international experience affected…
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…your innovation capability …your career

Not at all
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19. Have you published a scientific article?

7%

10%

83%

Yes, one

Yes, several

No

 

20. Have you ever started an own business?

24%

6%

70% Yes, one

Yes, several

No
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21. Do you have a patent on an own invention?

4% 2%

94%

Yes, one

Yes, several

No

 

22. Have you been listed as an inventor on a 

patent?
6%

6%

88%

Yes, one

Yes, several

No
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23. After your education, have you been involved 

in a distributed team?

10%

50%

40%

Yes, one

Yes, several

No

 

24. How du you experience the innovation capability 

being in a distributed team?
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25. Did you perceive your experience from the 

distributed team as being rewarding?
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