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Construction industry in Finland suffers from rather low profitability. Many of the 

efficiency problems in the industry are related to the knowledge sharing culture 

present at the industry. The goal of this thesis is to find out how digitalization could 

improve the efficiency of knowledge sharing in the complex project organization 

of an alliance form construction project. The work is conducted as a case study. 

Different knowledge flows in the project are identified and their bottlenecks are 

examined, with possible remedies to them. The utilization of digitalization and IT 

systems in the case-project is at a quite low level. For the project to perform as an 

industry changing front runner, in the field of digitalization would require a great 

deal of extra effort in IT system development, as well as in the mindset of the 

companies involved. Therefore extra research in the subject would be required to 

make more than the most general of recommendations.  
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Suomessa rakennustoimiala on suhteellisen alhaisen kannattavuuden toimiala. 

Monet alan tehokkuus ongelmat liittyvät tiedon jakamisen kulttuuriin. Tämän työn 

tavoitteena on selvittää miten digitalisaation avulla parantaa ja tehostaa tiedon 

jakamista allianssimallisen rakennusprojektin monimutkaisessa organisaatiossa. 

Työ tehdään case-tutkimuksena. Tässä työssä tunnistetaan rakennusprojektin 

tietovirrat ja niihin pullonkaulat ja esitetään korjausmahdollisuuksia niihin. Case-

projektin organisaatiossa digitalisaation ja tietojärjestelmien hyödyntäminen on 

varsin alhaisella tasolla, joten toimialan alalla digitalisaation edelläkävijänä 

toimiminen vaatisivat suuria panostuksia niin tietojärjestelmien kehityksen, kuin 

myös asennoitumisen saralla ja myös jatkotutkimusta asiasta.   
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1 INTRODUCTION 

 

This chapter contains the introduction to the thesis. The background of the study is 

discussed and also the research questions are presented. This is followed by a 

preliminary literary review. Further the theoretical framework, scope and goals and 

research methodology are presented. Finally this chapter concludes in the outline 

for the document. 

 

1.1 Background of the study 

 

Most, if not all, of us have heard or read horror stories from construction projects 

gone wrong. Whether it’s a house constructing project, a plumbing renovation or a 

big infrastructure project, the budgets and the schedules rarely seem to hold. For 

some reason, the successes seem to shun the spotlight often occupied by the failures. 

However, two different kind of examples from year 2016 have got a lot of media 

coverage in Finland: the first a failure to conduct tests on smoke exhaust vents on 

the new metro line in Helsinki and the more recent success of the Tampere beach 

tunnel. Why one was a stellar success and the other one a superb stumble? As 

always, to gain a truthful answer to these questions would require extensive 

investigation and thorough research, however based on the impressions gained from 

following the media coverage, the vastly differing approaches to knowledge sharing 

and collaborating in the each of the projects seem to have been a major factor in 

their success or failure. 

 

The project manager of the beach tunnel stated that the tunnel project was 

completed half a year before schedule, because the alliance form of the project 

organization forced the participants to work together and communicate efficiently, 

as the financial risks and benefits were shared by everyone. On the other hand, the 

smoke exhaust vents in the metro construction project have almost become its 
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symbol. In June 2016, two months before the official opening, it was announced 

that the project would not complete in time and the delays in the metro were caused 

by difficulties in the system test. A week later it was leaked to the press that in 

reality the tests couldn’t be conducted because the construction work hadn’t yet 

been completed (i.e., the smoke exhaust vents to be tested hadn’t even been installed 

yet). (Nurmi 2016; Malmberg 2016). 

 

A least according to the press’ information and analysis by Rigatelli & Pikkanen 

(2016), one of the main problems causing problems in the metro project was the 

projects’ communication system. The system was forced on the constructor and 

designers by the customer (Länsimetro Plc) and the main contracting consultant 

(Sweco Plc). In the system other companies participating in the project were banned 

from communicating between each other directly and all communication between 

the participants was always to be mediated by the contracting consultant, or the 

owner. This would be in total contrast to the news information provided on the 

successful tunnel project at Tampere where the companies involved used big room 

techniques to solve the surfacing problems immediately together. 

 

There isn’t anything particularly exotic or new in practical or academic world in the 

notion that open and active communication and knowledge sharing usually result 

in faster and better decision making and thus improve activity or overall 

performance in the project. For example Zeng et al. (2007) examined the 

communication process from the perspective of a construction projects’ project 

department and were able to identify three different kinds of barriers hindering the 

information sharing processes in a multi-actor construction process: 

- organizational barriers 

- behavioral barriers 

- technical barriers 

They were able to circumvent majority of the barriers and problems caused by the 

barriers by simply removing the restraints caused by the organizational hierarchy 
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from the communication hierarchy and allowing different actors to communicate 

directly between each other (Figures 1 & 2). 

 

Figure 1. Baseline description of information flows in construction (Zeng et al. 

2007) 

 

 

Figure 2. Improvement of information flows in construction (Zeng et al. 2007) 

 

Construction industry, including construction product industry, is a major employer 

in Finland and provided jobs directly or indirectly for about 250 000 people in the 

year 2015. As the whole working population in 2015 in Finland was around 

2 437 000, it could be said that roughly around one tenth of Finnish labor force is 
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working for construction industry. On the other hand, while comparing the 

construction industry’s part of the Finnish gross domestic product, the inefficiency 

of the industry starts to present itself. The construction industry’s part of the whole 

GDP of Finland in 2015 was only around 5.3 %. If we take a closer look at the 

Finnish construction industry’s profitability numbers of 2015, the construction 

product industry was able to achieve 5.5 % profit margins before taxes, but the 

industry as a whole (including the construction product industry) was only able to 

achieve a profit margin 3.8 %. (Suomen virallinen tilasto (SVT) 2015; 

Rakennusteollisuus 2016a; Rakennusteollisuus 2016b; Rakennusteollisuus 2016c) 

 

In 2015 the government made digitalization of public and private sectors a top 

endeavor in order to improve efficiency and competitiveness and thus attain 

economic growth. While only a few concrete measures for the digitalization itself 

have been brought up by the government, the digitalization process has been 

identified as a holistic measure by the government. The process changes caused by 

digitalization should thus not only focus on improving existing processes, but also 

the fundamentals of every process and activity being developed should be evaluated 

(e.g., Why are we doing these things this way? What is the purpose of this activity?). 

(Prime Minister’s Office 2015; Sipilä & Vehviläinen 2015) 

 

Running simple Google and Google Scholar searches for the definition of the term 

digitalization reveals that there are quite a few different semantic approaches to the 

term in both practical and academic world. The terms digitization, digitalization, 

computerization and digital transformation seem to overlap each other in the 

different definitions and conversations. A search through academic journals also 

fails to reveal a consensus on the definition of the term. Even while trying to search 

for the definition of the term in different dictionaries, their definitions consistently 

contradict each other.  
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Within this thesis the term is defined as a synthesis from the Gartner IT Glossary’s 

(2017) definition of “Digitalization is the use of digital technologies to change a 

business model and provide new revenue and value-pricing opportunities; it is the 

process of moving to a digital business” and the LinkedIn blogger B.A. Amarnaths 

(2015) definition: “…Digitalization is the strategy of adopting recent technologies 

in IT to make the most of the digital resources available in the enterprise.” 

Therefore for the purposes of this thesis digitalization is defined to be the strategy 

of utilizing IT systems in order to more effectively utilize the resources available to 

the company and in order to provide new revenue and value-pricing opportunities 

for the company. Furthermore digitalization is a process that requires the 

digitization of the information transferred in the company and the computerization 

of the company’s processes in order to make the generation of new digital 

information effective. Digital transformation is the point where all of the activities 

of an actor are conducted digitally. 

 

1.2 Research questions 

 

As digitalization may be examined as a measure to improve company’s efficiency, 

it shouldn’t simply be used as a device to merely add more technology to the 

processes for the sake of it (i.e., digitization and computerization). Instead it should 

be approached with the basic principles of process development: the development 

process should be approached from the process perspective instead of the software 

let alone the hardware perspective. (Fiatech 2012)  

 

Therefore in order to find out what really should be the focus points for the 

development, and what causes problems in the knowledge transfer within the case-

project, the main and sub research questions are placed as follows: 
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How digitalization can be utilized to enhance knowledge sharing in multi-

actor projects? 

 

• What kind of knowledge flows exist in a construction project? 

First step in this exploratory study is to map out what kind of knowledge 

and information flows exist between the different actors in the case-project. 

 

• How could these knowledge flows be improved with digitalization? 

In order to find out what the capabilities for the digitalization of the 

knowledge sharing processes are, the knowledge flows discovered are then 

examined more in depth, mostly by what systems and methods are used to 

facilitate them. 

 

• What kind of knowledge flow hindering factors could be solved via 

digitalization in a construction project? 

The final step to identify the targets for further development is to find the 

bottlenecks that hinder the flow of knowledge in the case-project that could 

be solved with digitalization. 

 

Based on the findings, recommendations for future development to improve the 

future capabilities for knowledge sharing for the companies in the case-project’s 

alliance are provided. 

 

1.3 Preliminary literature review on knowledge sharing 

 

In current business world, the competitive environment has become fiercer and the 

business environment and market uncertainties are an everyday factor for the 

companies to cope with. Collaborative efforts and different kind of network 

structures provide companies the possibility of accessing each other’s knowledge 
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stocks to gain competitive advantage or to manage the competitive environments 

risks better. (Agarwal et al. 2010; Alguezaui & Filieri 2010; Cao & Zhang 2011; 

Capó-Vicedo et al. 2011; Chen et al. 2014 etc.) As a vast number of opportunities 

are missed and mistakes and wrong decisions are done because of lack of 

knowledge, knowledge and knowledge transfer play an increasingly important role 

in the modern-day business environment. (Ahmad & Daghfous 2010; Cao & Zhang 

2011; Capó-Vicedo et al. 2011 etc.)  

 

Knowledge sharing is an active process that requires determined effort to be a 

successful effort. As for the knowledge to even be utilized, the first steps are to find 

and access it. Social networks are seen to be the most prominent tools to achieve 

these steps. (Ahmad & Daghfous 2010; Alguezaui & Filieri 2010; Chong et al. 

2011; Corredoira & Rosenkopf 2010; Liu et al. 2010) It should however be 

recognized that simply accessing knowledge is not enough, as for it to become 

useful and value creating knowledge, it also must be absorbed by the organizations 

in question (Kang et al. 2010; Cao & Zhang 2011). Knowledge can be classified in 

to two different categories: tacit knowledge and explicit knowledge. As the transfer 

of tacit knowledge is hard, and sometimes impossible, for knowledge to be easily 

distributed a codification effort of transferring tacit knowledge to explicit format 

(generally information), is an essential task to better utilize accumulated 

knowledge. (Cacciatori et al. 2012; Genç & İyigün 2011; Hutzschenreuter & 

Horstkotte 2010; Kang et al. 2010)  

 

There are many factors that hinder knowledge transfer in the networks. These 

factors for example include excessive network diversity, motivational issues, lack 

of resources, lack of time, competitive environment, competing pressures, 

excessive control of outputs, strong industry norms on participation of the labor, 

communication barriers, tensions, lack of understanding, conflicting interests, and 

lack of commitment. (Cacciatori et al. 2012; Cao & Zhang 2011; Chong et al. 2011; 

Hernández-Espallardo et al. 2010; Hutzschenreuter & Horstkotte 2010; Phelps 

2010; Tortoriello & Krackhardt 2010) However lack of trust is the most prominent 
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of these hindrances (Agarwal et al. 2010; Liu et al. 2010; Phelps 2010 etc.). 

Therefore, developing trust is a central issue in managing the inter-firm 

relationships (Hutzschenreuter & Horstkotte 2010). As developing trust takes time, 

contracts can serve as substitutes for trust in some degree (Jiang et al. 2013). The 

optimal government mechanism to support knowledge transfer and its benefits in 

an inter-firm network is a case-by-case construct of contracts and trust (Bosch-

Sjitsema & Postma 2010; Jiang et al. 2013; Wang et al. 2011). 

 

From trust developments’ perspective, the value of personal relationships is 

extensive (Capó-Vicedo et al. 2011; Liu et al. 2010; Pérez-Luño et al. 2011; 

Tortoriello & Krackhardt 2010). Trust development also benefits from managerial 

support, cognitive, organizational, geographical and social proximities between 

organizations and active communication. Active communication and networking 

also help to reduce the chance of opportunism in the inter-firm network by keeping 

the network’s knowledge resources available and thus as not as targets for hostile 

acquisitions. (Agarwal et al. 2010; Broekel & Boschma 2012; Capó-Vicedo et al. 

2011; Hung et al. 2012; Liu et al. 2010) As an additional benefit, good relationships 

may for example provide a backdoor to gathering knowledge on the competitors 

and their customers and suppliers through other firms in the network that have an 

existing relationship with them (Chong et al. 2011).  

It should be noted though, that an overt investment in social capital though may 

lead in to a situation where the social network becomes over-embedded and 

therefore create a ‘lock-in’ situation, where it may even become a hindrance for 

innovation and development (Alguezaui & Filieri 2010; Pérez-Luño et al. 2011). 

 

When the relevant knowledge has been identified and acquired, it also must be 

assimilated and exploited for it to be useful and provide competitive advantage. 

(Capó-Vicedo et al. 2011; Flatten et al. 2010) Network diversity increases the 

absorption and exploitation capability of the network, and similarly the 

heterogeneity of the company’s personnel benefits the absorptive capability of the 

single firm. Diversity provides the participants a better possibility to identify and 
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grasp relevant information and combine it with existing knowledge based on the 

expertise of the personnel involved. The more activities the company is involved, 

the better the chance of spillovers and further exploitation of the knowledge 

acquired. (Cao & Zhang 2011; Enkel & Gassmann 2010; Flatten et al. 2010; Phelps 

2010; Tortoriello & Krackhardt 2010) Innovation has become a matter for everyone 

in the organization (Alguezaui & Filieri 2010; Capó-Vicedo et al. 2011; Kang et al. 

2010). 

 

As a conclusion, knowledge sharing is a process that requires active participation 

from its actors, and an active environment to support the process. To reap the 

benefits from knowledge sharing, knowledge shared must be assimilated, exploited, 

examined and shared again, forming a circular knowledge transfer and utilization 

process. Trust is the single most important mediating factor in the knowledge 

sharing process and for digitalization to improve the process itself, it must address 

the problems hindering the process, improve knowledge availability, improve 

reusability of the knowledge or build trust between the actors in the process. 

 

1.4 Theoretical framework 

 

The distinction between tacit and explicit knowledge forms the base of the 

theoretical framework used in this thesis, as the different types of knowledge 

require different kinds of transfer mechanisms based on how difficult they are to 

understand and absorb. In order for tacit knowledge to be shared in explicit format, 

it has to be codified first. Knowledge sharing is an integral part of the knowledge 

transfer process and thus the knowledge transfer process is examined in order to 

identify the different process steps where knowledge sharing happens. Further 

information, as a form of explicit knowledge, and tacit knowledge sharing are 

examined through information quality dimensions and the knowledge sharing 

promoting and hindering factors. It should be noted that explicit information is a 

subset of tacit knowledge (i.e., codified tacit knowledge) and thus the same factors 
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that promote or hinder the sharing of tacit knowledge also affect to some degree to 

the codification and to the initial sharing of explicit knowledge. After knowledge 

has been codified and transferred to explicit format, it is more easily distributed and 

factors related to the willingness for knowledge sharing become less meaningful. 

The theoretical framework for this thesis is presented in figure 3. 

 

 

Figure 3. Theoretical framework  
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1.5 Scope and goals 

 

This thesis examines the knowledge and information flows and their effects for the 

successful completion of a project in the construction industry. Because 

construction projects are unique by nature and therefore their project-to-project 

value networks are also unique, the study is done as a case study (Niemistö 2014, 

p. 3). The thesis focuses on the construction phase in an alliance form infrastructure 

construction project. As this thesis is financed by the Lappeenranta University of 

Technology, in order for its results to be utilized with minimum effort in further 

studies, the language this thesis is written in is English. 

 

The goals of this study are two-fold. First of all it’s a descriptive study, where 

different knowledge and information flows taking action between different actors 

in a complex infrastructure construction project are gathered, mapped and 

described. These descriptions may be used as background material for future 

research. Such research topics could for example include improving project 

management practices in complex projects, benchmarking best practices between 

other industries, development of new business models and providing a guideline for 

developing new project management software better suited for the needs of 

dynamic multi-actor environments.  

 

Second, more practical goal is to analyze how the knowledge flows in the case 

project act and perform compared to the foundation laid by the literature review. 

By this way hopefully the bottlenecks of the knowledge and information flows are 

found. Another benefit is to find out if the knowledge sharing processes and thus 

project performance can be improved via digital transformation. The participants 

of the case project will be able to utilize these results in their efforts to learn from 

the case project. 
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1.6 Research methodology 

 

Due to the complexity and uniqueness of the organizations in different construction 

projects, it was decided that this study would be conducted as a case study. Due to 

the descriptive dimension and as case study is a part of qualitative research, the 

research is conducted from qualitative perspective. As a well-structured theoretical 

framework is almost essential for case studies in order to classify what of the 

material gathered is relevant, a literature review will be conducted to create the 

framework for this study. (Niemistö 2014, p. 3; Aaltio-Marjosola 1999) 

 

The material gathering for the empirical part of this study is done with themed 

interviews, KETJU tool is used for mapping the different information and 

knowledge flows between the actors in the case-project and finally the flows are 

examined in more depth with a questionnaire from the perspective of information 

quality dimensions. Semi-structured, or themed interviews are one of the most 

common methods for gathering material for case studies and they seemed to suit 

the purposes of this study as well (Aaltio-Marjosola 1999). KETJU tool for 

describing the information flows was selected for its flexibility, scalability and 

simplicity. This decision was based on the authors’ prior experience with other 

modeling tools. The methodological framework is presented in figure 4. 
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Figure 4. Methodological framework 

 

1.7 Outline of the document 

 

Within this thesis an alliance infrastructure construction project is studied in order 

to find out how knowledge sharing processes are facilitated in it, what is already 

done well and how the processes could further be improved. During the interviews 

the author was able to interview different people in different positions in all of the 

companies participating in the construction alliance and also from the closest 

stakeholders outside the alliance organizations in order to gain multiple 

perspectives on the research subject (APPENDIX 3). A framework to identify the 
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bottlenecks in information and knowledge flows in quite a holistic manner was 

developed for the purposes of this thesis. Hopefully it’s possible to transfer the good 

practices, methods and improvements discovered during this to other projects in the 

construction business and also where applicable to other industry sectors. 

 

The first chapter of this thesis is an introduction to the work. In this chapter the 

background of the study, the research question and the scope and goals of the study 

are presented. It also includes a preliminary literature review and the theoretical and 

methodological framework of the thesis. Finally it also includes the outline of this 

document. 

 

The second chapter consists of an integrative literature review. Therefore it forms 

the theory section of this thesis. 

 

In the third chapter the methods used in this thesis are presented. It also includes 

more in depth descriptions of the different methods used in this study, and the 

presentation of the case project. 

 

In the fourth chapter the results of this thesis are presented. This chapter contains 

the empirical part of this thesis. 

 

In the fifth chapter this thesis is summarized, the result of this thesis are discussed. 

 

Sixth chapter consists of the concluding remarks for this thesis. The theoretical and 

practical implications are presented. The limitations of the thesis are also presented 

here and the future research directions are discussed. 
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2 IDENTIFYING BOTTLENECKS FOR KNOWLEDGE SHARING 

 

In this chapter the theoretical framework for this thesis is formed. It begins with a 

general background presentation of construction projects and what characteristics 

make them unique compared to other types of projects. This is followed by an 

explanation of digitalization in the context of this thesis. After this knowledge 

transfer and knowledge sharing are examined in more depth to form up background 

for the empirical part of this thesis. 

 

2.1 Construction projects and project networks 

 

Cambridge (2017) dictionary defines project as “a piece of planned work or an 

activity that is finished over a period of time and intended to achieve a particular 

purpose.” Construction projects often involve multiple parties forming complex 

networks, where the parties represent different professions e.g., architecture, 

engineering, surveying etc. The construction industry has been stated to lag in the 

rate of innovation compared to other industries. The low rate of innovation partly 

occurs due to a strong focus on cutting costs and the fragmented nature of the 

industry. Another reason is that the different parties in the industry possess specific 

expertise, and they may be partners in one project and rivals in another project, even 

simultaneously. This causes trust issues. These factors and the diverse 

communication and information flow structures and methods in the organizations 

provide challenges for the successful completion of construction projects. (Bosch-

Sjitsema & Postma 2010; Cheng et al. 2001; Craig & Sommerville 2006; Zeng et 

al. 2007) 
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Figure 5. Four basic types of construction network (Cheng et al. 2001) 

 

Cheng et al. (2001) identify four basic types of construction networks formed by 

the independent parties in a construction project (Figure 5). Contractual 

relationships force the parties to contribute through the means of contracts and their 

terms thus resulting in very isolated and hierarchical communication and flow of 

information. Project joint ventures are joint endeavors created by the key parties to 

complete the project and dissolve afterwards its completion. The communication is 

still hierarchical, but more personalized than in contractual relationships. The joint 

venture is the communication “hub”. The parties also may establish a formal 

partnership to last for beyond the scope of a single project, supporting the creation 

of a more permanent communication channels, where the partnership organization 

takes the central role to serve the participants with the means for communication. 

Finally, the organizations may also establish an alliance with a virtual and dynamic 
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structure to support and facilitate the communication between the participants. It 

should be recognized, that these different kind of project organizations are not 

mutually exclusive. 

 

2.2 Digitalization and IT capabilities 

 

As stated in the introduction, for this thesis digitalization is defined to be the 

strategy of utilizing IT systems to more effectively utilize the resources available to 

the company and to provide new revenue and value-pricing opportunities for the 

company. However, quite often the IT capabilities of the companies are not fully 

utilized, since in addition to monetary costs, the better utilization would require 

additional resource costs (i.e., time) from the administrators and content creators 

(Chong et al. 2011; Phelps et al. 2010; Rai et al. 2012). If significant enough 

attention would be paid in to utilizing the IT systems to a better extent, not only 

could it result in better process performance, it could also promote the more 

frequent communication streams between the participants and possibly even result 

in trust improvement between the parties (Chong et al. 2011; Phelps et al. 2010; Rai 

et al. 2012).  

 

The communication and interfirm IT capabilities also provide the possibility of not 

only improving the performance and for example logistic flows between 

companies, but also, they can help build relational value. The more sophisticated 

the capabilities are, the more they allow for the participants to take advantage of 

different opportunities presented. They also promote more frequent communication 

stream between the participants involved. (Rai et al. 2012) However while efficient 

IT capabilities do provide possibilities, they also come with a cost: in addition to 

monetary costs (e.g., purchase, maintenance and licenses), many of the systems 

available for the participants are not utilized nearly to their maximum effect. This 

is usually caused by resource limitations, because the personnel in the companies 
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involved have other activities, which are perceived to be more important for the 

company’s success compared to maintaining and updating the information system. 

(Chong et al. 2011; Phelps 2010; Rai et al. 2012). 

 

Cloud computing has enabled many companies to utilize various solutions to 

improve collaborative creation, management, dissemination and use of information 

to integrate people, processes and business systems more efficiently than before. It 

has also enabled the exploitation of these tools for those companies that prior didn’t 

possess the required IT capabilities to provide for the infrastructure required by 

them. The main observed advantage in using information systems is the 

improvement of information quality and thus the reduction of time in information 

processing and improvement of communications. (Mandičák 2016; Shen et al. 

2010) 

 

As for the second requirement for digitalization in this thesis, digitalization requires 

information to be transferrable in digital format within the company’s processes 

and be reusable through computerized processes. Construction sector lags 

especially in the collaboration and system integration compared to other industries 

and during construction projects many decisions must be made based on incomplete 

and inaccurate information. System integration and collaboration are key 

technologies to enable efficiency improvements, but these integrations require the 

data processed to be interpreted by all parties involved. The technology to enable 

data to be interoperable is data modeling. Data modeling defines and organizes data 

domain’s data in a format that defines different objects and their constraints and 

relationships in a format that can be processed by computers. (Shen et al. 2010; 

Wang et al. 2007) 

 

Building Information Modeling (BIM) has gained a lot of attention from experts as 

a tool to solve different interoperability related problems in the construction 
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industry. BIM consists of the evolving 3D-model of the construction and 

incorporates the 4th and 5th dimensions of time and money. While BIMs are a tool 

to enable multiple users to collaborate more efficiently, it should be noted that a 

single standard form of BIM doesn’t exist. Instead the models may be distinct and 

proprietary by different vendors, or even while open format, they may still be highly 

complex and customized for the needs of a single organization, therefore hindering 

the interoperability of the model. Also, it should be noted that everyone doesn’t 

have the capabilities to deploy and maintain a BIM. Therefore, the integrations for 

improved interoperability are often done between different information systems 

instead of between different BIMs. The integration costs in a complex environment 

shouldn’t be seen daunting though, as technological diversity itself may be a trust 

promoting factor, as incompatibility reduces the possibility of future information 

leakage and selective integrations provide governance mechanisms for the 

information shared between the participants. (Mohandes et al. 2016; Shen et al. 

2010; Wang & Xianhai 2016; Phelps et al. 2010) 

 

2.3 Information and knowledge 

 

Data-information-knowledge-wisdom (DIKW) hierarchy is the basic and taken-for-

granted model for classifying the richness or maturity of knowledge and its 

transformation processes. Usually wisdom is defined in the terms of knowledge, 

knowledge is defined in the terms of information and information is defined in the 

terms of data. The DIKW pyramid hierarchy is presented in figure 6. (Rowley 2006)  
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Figure 6. DIKW pyramid 

 

While different definitions for the terms exist, for the purposes of this thesis we use 

the following definitions Rowley (2006) synthesized in her literature review of 

information management, information systems and knowledge management 

textbooks:  

• Data is defined by the terms it lacks: data lacks meaning or value and it is 

unorganized and unprocessed. 

• Information is structured and organized data, which has context. Therefore 

information is meaningful, valuable useful and relevant. 

• Knowledge is more difficult to define and it’s summarized as a mix of 

information, understanding, capability, experience, skills and values. 

• Wisdom is the hardest concept to define. However, it could be summarized 

that it’s the ability to select right behavior in various circumstances based 

on knowledge and ethics. 
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Nonaka and Takeuchi (1995) classify knowledge into two categories, tacit 

knowledge (or knowledge which resides within the individual) and explicit 

knowledge which is knowledge transformed in to distributable form (i.e., 

information). Newly created knowledge by its nature is strongly tacit and in order 

to distribute it with the least effort and maximize the value and new knowledge 

creation possibility of it, it is important to try to transfer it in to explicit, codified 

format. (Cacciatori et al. 2012; Genç & İyigün 2011; Hutzschenreuter & Horstkotte 

2010; Kang et al. 2010)  

 

Low richness of the knowledge (complexity, teachability and difficulty to codify) 

provides the possibility of distributing it by the use of information systems and 

copying it easily. However as the richness of the knowledge grows, the tacitness of 

it also grows and it becomes more difficult to distribute and integrate and more 

personal transfer methods (i.e., face-to-face interactions) are required. (Gorovaia & 

Windsperger 2010; Kang et al. 2010; Windsperger & Gorovaia 2011) As the 

difficulty of the knowledge grows, so do the transferring costs and the effort 

required for it. Therefore it’s essential for the organization to identify what difficult 

knowledge is strategically important to it and concentrate on transferring it. 

Different types of knowledge require different transfer mechanisms. Even then it 

should be realized that the benefits from knowledge transfer often materialize only 

at long-term perspective. (Hutzschenreuter & Horstkotte 2010; Kang et al. 2010) 

 

2.4 Knowledge transfer 

 

Alliances and similar collaborative network structures provide companies the 

possibility to access each other’s knowledge stocks, know-how and unique skills in 

order to gain competitive advantage and further develop their own knowledge 

stocks. However this kind of development is not a guaranteed outcome from the 

collaborative effort to any of the participants in the collaborative structure. 

(Agarwal et al. 2010; Chen et al. 2014; Lin & Cheng 2010; Liu et al. 2010; Phelps 
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2010) The competitive element is still strongly present in alliance structures and the 

possibility of asymmetric knowledge transfer between the participants may lead to 

undesired knowledge leakage (Agarwal et al. 2010; Jiang et al. 2013). Therefore, 

the foundation of a successful partnership lies in maintaining robust co-operation, 

providing diverse enough additional capabilities to each other, and defining the 

nature of the partnership should be defined from the participants’ point-of-view as 

to whether it is explorative or exploitative. Different collaboration strategies from 

the participants may be conflicting in the intra- or inter-organizational context. (Lin 

& Cheng 2010; Liu et al. 2010; Nielsen & Gudergan 2012) 

 

Deriving from the collaboration strategies, the motivators for collaboration are two-

fold: first motivator is the ability to create collaborative advantage (i.e., cutting 

costs) and innovations from the collaborative efforts, the second motivator is the 

ability to better cope with the changing business environment and market 

uncertainties. (Alguezaui & Filieri 2010; Cao & Zhang 2011; Capó-Vicedo et al. 

2011; Chen et al. 2014; Chong et al. 2011; Kang et al. 2010; Nielsen & Gudergan 

2012; Rai et al. 2012) In this context knowledge and knowledge transfer play an 

important role, as vast number of mistakes and wrong decision are done because of 

a lack of essential knowledge of the business environment. Knowledge exchange 

and knowledge acquisition can also be seen as the fuel for innovation. (Ahmad & 

Daghfous 2010; Cao & Zhang 2011; Capó-Vicedo et al. 2011; Chong et al. 2011; 

Filieri et al. 2014; Hernández-Espallardo et al. 2010; Kang et al. 2010)  

 

2.5 Information transfer 

 

SECI is an acronym from the words socialization, externalization, combination and 

internalization which by Nonaka and Takeuchi (1995) are the different phases of 

knowledge creation. The SECI model has been widely adapted as the process of 

knowledge creation as it is quite pragmatic, and its wide acceptance can be said to 

have a quality of its own (Martin & Root 2009). However, the model has some 
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serious shortcomings in that it for example doesn’t take in to consideration the 

differences between cultures and the competitiveness of the markets and that the 

model examines only one firm at a time (Andreeva & Ikhilchik 2011; Rice & Rice 

2005). While this critique still sees the model as a worthy development target, 

Gourlay and Nurse (2005) criticize the fundamentals of the model itself (e.g., 

shallow amount of empirical evidence, oversimplification of the concept of tacit 

knowledge, does knowledge creation require all the steps in the process, does 

knowledge creation require explicit knowledge). They reject the notion that the 

model would be an engine for creation of knowledge and attribute it to at most an 

engine of idea generation. While accepting the problems of the model as the process 

of knowledge creation, the model can be used to describe the transfer of information 

and knowledge in and between organizations (Venzin et al. 1998).  The SECI model 

is presented in figure 7. 

 

 

Figure 7. SECI model (Adapted from Nonaka & Takeuchi 1995, p. 62) 

 

The SECI model process begins with the process of socialization. Within this phase 

tacit knowledge is transferred between individuals through social interaction. After 

Tacit Tacit

Tacit Explicit

Tacit Explicit

Explicit Explicit
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this tacit knowledge is transferred to explicit form (e.g., documents, images) 

through the process of externalization. This explicit form of knowledge is then 

combined with other explicit knowledge to form new knowledge. Finally, the new 

explicit knowledge is internalized by the individuals and the process begins again 

on a new level (hence the spiral). Knowledge can be transferred and reproduced in 

explicit format and tacit knowledge can be made more readily available through the 

process of externalization. One can also argue that innovations start from ideas and 

thus the idea generation possibility of the model should not be neglected. It can be 

concluded that knowledge creation and transferal can benefit substantially from 

making tacit knowledge explicit and providing the consumers of the explicit 

knowledge available means to utilize and combine the explicit knowledge already 

gathered and generated by the firm. 

 

2.6 Information quality dimensions 

 

As for the codified knowledge or information, its quality can be assessed by a vast 

number of different quality dimensions, e.g., accessibility, believability, 

completeness, representational quality, ease of operation, interpretability, 

objectivity, relevance, security, timeliness etc. In most cases however the 

importance and value of each dimension differs for each different use case, activity 

and integration need. Usually trying to measure, or assess every dimension is rather 

wasteful. However these dimension can be classified in a number of ways and 

afterwards include only the necessary metrics in them. (Berente & Vandenbosch 

2009) 

 

Based on a literature survey Berente & Vandenbosch (2009) define these principles 

and their information quality dimensions as follows: 

- Accessibility: Information is readily available to activities. 

o Accessibility 

o Completeness 
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o Ease of operation 

- Timeliness: Information is available when needed. 

o Timeliness 

- Transparency: Information is understandable. 

o Consistent representation 

o Interpretability 

o Understandability 

- Granularity: Information is at the right level of detail. 

o Appropriate amount 

o Concise representation 

o Relevancy 

 

In order for information to be utilized, it must be accessible. In more detail, 

accessibility means that the information has to be accessible within any point of the 

process where it is required and thus it serves as an enabler to information 

consuming and sharing. Timeliness doesn’t refer to the fact that information would 

be transferred immediately between the tasks. Instead it means that information has 

to be provided instantly after accessing it. Transparency refers to the fact that 

information passed between tasks has to be consistent and understandable to each 

task utilizing it. This kind of action usually requires standardization and might for 

example mean that the information is codified in English, or the use of some 

universal barcodes or message formats. Finally granularity means that the 

information passed between different participants and activities has to be at a right 

level of detail. (Berente & Vandenbosch 2009) For example, a dispatch advice 

needs to contain what items are delivered, however it doesn’t need to contain 

complete picking lists of who picked which lines of the picking list, or an executive 

memo might contain a summary of how many products were delivered in a quarter, 

instead of the daily summary required for managing at the operational level. 

 

While Berente & Vandenbosch (2009) identify also believability, free-of-error, 

objectivity, reputation and security as quality dimensions, they fail to categorize 
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them. Wang & Strong (1996) provide a similar categorization where the 

information quality dimensions are classified in to Intrinsic IQ (accuracy, 

objectivity, believability and reputation), Contextual IQ (relevance, value-added, 

timeliness, completeness and amount of information), Representational IQ 

(interpretability, format, coherence and compatibility) and Accessibility IQ 

(accessibility and access security). If we compare and combine these classifications, 

combining the unclassified information quality dimensions in to a summarizing 

trust dimension, we end up with the following model: 

- Accessibility: Information is readily available to activities. 

o Accessibility 

o Completeness 

o Ease of operation 

o Security 

- Timeliness: Information is available when needed. 

o Timeliness 

- Transparency: Information is understandable. 

o Consistent representation 

o Interpretability 

o Understandability 

- Granularity: Information is at the right level of detail. 

o Appropriate amount 

o Concise representation 

o Relevancy 

o Accuracy 

o Trust 

 

2.7 Knowledge sharing enabling and hindering factors 

 

There are several factors that hinder knowledge transfer in the networks. Excessive 

network diversity may pose a significant cost to the ability of the companies to 
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recognize, assimilate and utilize the knowledge available in the network. (Phelps 

2010) The willingness of people and organizations to participate in knowledge 

sharing should also not be taken for granted, since they might have motivational 

issues from a number of reasons e.g., lack of resources, lack of time, competitive 

environment, competing pressures, strong industry norms on participation of the 

labor, communication barriers, tensions, lack of understanding, conflicting 

interests, lack of commitment. (Cacciatori et al. 2012; Cao & Zhang 2011; Chong 

et al. 2011; Hutzschenreuter & Horstkotte 2010; Tortoriello & Krackhardt 2010) 

Also attempts to excessively control the outputs in the firm hinder knowledge 

transfer significantly (Hernández-Espallardo et al. 2010). However the most 

prominent of all of these hindrances is trust, or to be more precise: the lack of it. 

(Agarwal et al. 2010; Liu et al. 2010; Phelps 2010 etc.) 

 

The presence of competitive background and the possibility of opportunism in a 

collaborative effort emphasize trust as perhaps the most meaningful mediating 

variable in the acquisition of knowledge and transparency in inter-firm network   

(Ahmad & Daghfous 2010; Liu et al. 2010). Trust facilitates knowledge sharing in 

interfirm relationships and also provides better possibilities for learning and 

performance between the collaborative companies (Alguezaui & Filieri 2010; 

Hernández-Espallardo et al. 2010). Therefore developing trust is a key important 

issue in managing the inter-firm relationships. Its development in inter-firm 

environment is majorly achieved by nurturing the ties between individuals and 

organizations over-time, by not falling in to opportunism, and overall in placing 

emphasis on the development of relationship capital. (Alguezaui & Filieri 2010; 

Hutzschenreuter & Horstkotte 2010; Jiang et al. 2013) 

 

As developing trust takes time, the relationship can also be governed by contractual 

methods. Opportunism and risks of knowledge spillovers can also be reduced with 

them (Jiang et al. 2013). Contracts can serve as substitutes for trust to some degree, 

however fully contract-based relationships don’t have a positive influence in the 

creation of innovations and knowledge transfer, as they often require more free flow 
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of information (Bosch-Sjitsema & Postma 2010; Jiang et al. 2013; Wang et al. 

2011). Too little, or too much trust in goodwill in an inter-firm network either 

hinders the knowledge transferal or exposes the participants to opportunism and 

knowledge leakage (Jiang et al. 2013; Wang et al. 2011). The optimal setting for 

the government mechanisms to support learning, knowledge transfer, knowledge 

creation and innovation in an inter-firm network would be a case-by-case 

constructed combination of contracts and trust (Bosch-Sjitsema & Postma 2010; 

Jiang et al. 2013; Wang et al. 2011). To develop trust and facilitate knowledge 

transfer among firms, the importance of personal relationships cannot be 

undermined. Relationships remove knowledge sharing barriers in the network. 

Their development by frequent interaction promotes the culture of co-operation, 

coordinated action and sharing of tacit knowledge. (Capó-Vicedo et al. 2011; Liu 

et al. 2010; Pérez-Luño et al. 2011; Tortoriello & Krackhardt 2010)  

 

Managerial support and cognitive, organizational, geographical and social 

proximities between organizations increase the possibilities of relationship bonding 

and thus increase the likelihood for connections between participants and 

knowledge exchange. (Broekel & Boschma 2012; Hung et al. 2012) Good 

relationships can also provide a backdoor to gather knowledge on the competitors 

and their customers and suppliers through other firms in the network that have a 

relationship with them (Chong et al. 2011). As knowledge transfer is a task that 

requires active and positive interaction from each of the participants in the network, 

it also requires lots of motivation. Thus, it’s essential for the participating 

organizations to try to create and maintain a vision of a win-win situation for every 

participant in the network, so that active knowledge transfer in the network is seen 

as a value of its own, and the ongoing activities are always examined in a holistic 

manner rather than from a single firm’s perspective. (Cao & Zhang 2011; Capó-

Vicedo et al. 2011; Hung et al. 2012) 

 

Communication is a major success factor in the collaborative effort. 

Communication improves the performance of networks, allows for creating social 
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networks. (Agarwal et al. 2010; Capó-Vicedo et al. 2011; Liu et al. 2010) It also 

reduces the chance of opportunism and the possibility of stealing core competencies 

from other firms in the network, since the knowledge resources are made available 

in the network. (Capó-Vicedo et al. 2011; Wang et al. 2011) Different transfer 

mechanisms improve the ability of the participants to communicate and make 

knowledge silos more accessible. Such transfer mechanisms could for example 

include formal processes, meetings, events and online tools. (Cacciatori et al. 2012; 

Chen et al. 2014; Filieri et al. 2014; Hutzschenreuter & Horstkotte 2010) However 

it’s not always granted that a combination of transfer mechanisms that worked well 

in one environment could be copied to a new environment. Thus the choice of which 

transfer mechanisms to utilize should be made case by case. (Chen et al. 2014) 

 

2.8 Knowledge utilization 

 

To utilize knowledge, the relevant knowledge must be recognized, found and it also 

must be accessed. The relevant existing knowledge can be found from a myriad of 

sources, e.g., customers, emerging market trends, suppliers, competitors, 

universities etc. (Ahmad & Daghfous 2010; Chong et al. 2011) In order to tap into 

any of these sources different mechanisms may be required. Social networks still 

seem to be the most effective method to achieve this (Alguezaui & Filieri 2010; 

Corredoira & Rosenkopf 2010; Liu et al. 2010). These mechanisms can work at 

individual, organizational or proximity levels. The ties between organizations are 

often formed on the individual level. Continued interaction builds new social ties 

between organizations. Also, geographical and cognitive proximity have been 

recognized to play a major role in the assisting the creation of social ties. 

(Corredoira & Rosenkopf 2010; Broekel & Boschma 2012) For a company to 

access external knowledge, the active building of relational capital is essential for 

the company to succeed (Chen et al. 2014; Liu et al. 2010). However, simply 

accessing knowledge is not enough, it must be transferred into, integrated and re-

transferred (absorbed) in the organization for it to start creating value (Kang et al. 

2010; Cao & Zhang 2011). 
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When access to knowledge has been identified and acquired, it also must be 

assimilated and exploited for it to be useful and provide competitive advantage. The 

ability to do this is called firm’s absorptive capability. (Capó-Vicedo et al. 2011; 

Flatten et al. 2010) Network diversity increases the absorption and exploitation 

capability of the network, and similarly the heterogeneity of the company’s staff 

also has a beneficial effect for the absorptive capability of the firm. The more 

activities the company is involved, the better the chance of spillovers and further 

exploitation of the knowledge acquired. (Cao & Zhang 2011; Flatten et al. 2010; 

Phelps 2010) Therefore to improve its innovative potential it is imperative for a 

company to examine and improve its absorptive capacity and to try and develop it. 

This can be achieved by expanding their scope of operations, increasing the 

heterogeneity of the staff of the firm, or pursuing different kinds of collaborative 

efforts to acquire knowledge from new external sources or networks. (Cao & Zhang 

2011; Flatten et al. 2011; Liu et al. 2010; Phelps 2010) 

 

From innovation generation perspective, companies that are internally and 

externally exchanging and transferring knowledge are seen to perform better. The 

innovation process has moved away from R&D departments and become a matter 

for everyone in the organization, thus emphasizing the significance of social capital. 

(Alguezaui & Filieri 2010; Capó-Vicedo et al. 2011; Kang et al. 2010) Company’s 

or collaborative network’s diversity does provide the participants a better 

possibility to grab relevant knowledge from internal or external sources. Diversity 

by itself however doesn’t explain for the quality of the outcomes of innovation. 

Neither does the cognitive distance between participants. (Enkel & Gassmann 2010; 

Phelps 2010; Tortoriello & Krackhardt 2010) Knowledge partners are actually often 

chosen by geographical, social or cognitive closeness (Broekel & Boschma 2012).  

 

The danger of uniform network however is that the companies may become over-

embedded and therefore create a ‘lock-in’ situation and the embedded social capital 

may become a hindrance for innovating. (Alguezaui & Filieri 2010; Pérez-Luño et 

al. 2011) Overtly effective process knowledge transfer also provides an interesting 
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dilemma from the process innovation point-of-view: sometimes it’s better to start 

off new. As best practices are transferred between projects and processes, 

sometimes while they are effective, they won’t be analyzed or developed, since 

they’ve been found ‘good enough’ and therefore are hindering the process 

innovation (Cacciatori et al. 2012). From the tacitness and explicitness point-of-

view, the tacitness or explicitness of the knowledge available doesn’t explain the 

quality of the outcome of the innovation. The more prominent factor is knowledge 

complexity. Codified knowledge by its nature is easier to transfer and thus plays a 

major role in innovation generation and therefore the effort to codify knowledge is 

imperative. (Cacciatori et al. 2012; Kang et al. 2010; Pérez-Luño et al. 2011) 

However tacit knowledge and its transferal, is also an important factor in innovation 

generation (Pérez-Luño et al. 2011). 

 

2.9 Summarizing theoretical framework for this thesis 

 

Historically construction industry has a very competitive and cost-cutting nature to 

it. The companies have specialized in very narrow fields of expertise and often 

different companies participate in the same projects. However these collaborations 

may be short lived and in future projects the different participants may be working 

as or with their rivals. This promotes the possibility of knowledge leakage and the 

fear of losing even the slightest competitive edge, further promoting mistrust 

between the different participants in the projects. This is especially troublesome as 

trust is the most important enabler for knowledge transfer. These trust issues may 

be addressed with various types of different construction networks, comprising of 

different contractual structures supporting knowledge transfer in different ways. 

 

Digitalization provides people the possibility to share knowledge between people 

irrelevant of place and time. This kind of knowledge sharing however requires for 

the knowledge in tacit format be codified in to explicit format, or information in 

order for it to be distributable via information systems. Therefore an effort has to 
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be paid to codify the existing knowledge (information). However, not all of the 

knowledge may be codified and as the richness of the knowledge grows, usually 

the cost of transferring knowledge also grows. Therefore it is important for 

companies to identify what kind knowledge is important and what is not and to 

focus on transferring the important knowledge. 

  

For the utilization of the knowledge codified, i.e., information, it must be readily 

available when needed, at an understandable format and at right level of detail. 

These utilization requirements also provide the basic requirements for the 

information systems used for knowledge transfer. Also in multi company networks 

the information systems to produce network wide benefits, they must be at least 

somewhat interoperable. These kinds of integrations and rapid access and 

availability require for the information to be stored in a computer accessible format, 

i.e., databases. While better utilization of IT systems promotes a higher level and 

frequency of communication between the different parties in a network, for 

example network diversity, communication capabilities, it capabilities, lack of 

resources and time, communication barriers and organization culture still hinder the 

advance for digitalization and improving knowledge sharing via digitalization. 

However, cloud computing has enabled for companies that prior didn’t have the 

capabilities to utilize IT systems effectively to begin utilizing them.  
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3 RESEARCH DESIGN AND METHODS 

 

In this chapter the case project is presented. The presentation of the case project is 

followed by the explanation of the research design, data collection methods, and 

the data analysis methods. 

 

3.1 Case: Vt 6 Taavetti-Lappeenranta 

 

The goal of the Vt 6 TaaLa project is to improve the highway from Lappeenranta 

to Taavetti to a 2+2 lane highway with median barriers (figure 8). The highway to 

be constructed is 28 kilometers long and consists of 11.5 kilometers of new highway 

and 16.5 kilometers of broadening of existing highways. There are five interchanges 

and twenty bridges of which four are renovations and/or extensions of existing 

bridges and 16 are new constructs. In addition, ground water must be protected for 

1.5 kilometers, noise barriers erected for 9.5 kilometers and game fences, lighting 

and parking areas to be built. (Värri 2017) 
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Figure 8. Vt6 from Taavetti to Lappeenranta (Värri 2017) 

 

The client for the project is Finnish Traffic Agency and the type of contract is an 

alliance contract. The alliance is formed by four partners with different roles: 

- Finnish Traffic Agency (owner/client) 

- Skanska Infra Oy (constructor) 

- Pöyry Finland Oy (designer) 

- Ramboll Finland Oy (designer 

Total cost estimate of the project for the client is 76 M€, of which construction fees 

to be compensated are 61 515 000 € and the constructor’s fixed fee is 5 339 802 €. 

(Värri 2017) 

 

Block 1 is a part of the old Vt 6 highway which is to be broadened (figure 9). It 

mostly sits on a terminal glacial moraine. The construction of block 1 started in 

August 2016 and it is the last block to be finished. Special challenges for this block 
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are the high amount of traffic near the construction area and groundwater 

protections. (Värri 2017) 

 

 

Figure 9. Block 1 (Värri 2017) 

 

Block 2 is the new part to be constructed in the project and it cuts through clay 

fields and bedrock. Block 2 is the second part to complete. The special challenges 

for this part of construction are the rock cuts next to the railroad near Toikkala and 

the proximity of the railroad in several places. (Värri 2017) 

 

 

Figure 10. Block 2 (Värri 2017) 

 

Block 3 (figure 11) also consists of an improvement over an existing highway, that 

also sits on a glacial moraine as block 1. This block was the first to be opened to 

traffic on November 23rd, 2016. The main challenges with this block consisted of 

working next to heavy traffic. (Värri 2017) 
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Figure 11. Block 3 (Värri 2017) 

 

Construction phase of the improvement project started in September 2015. All the 

work should be finished by November 2017 and the handover target for the 

construction project is early 2018. Guarantee period for the project is five years 

from the handover and the alliance also lasts until the end of the guarantee period. 

(Värri 2017) 

 

3.2 Research design and data collection methods 

 

Due to the complexity and uniqueness of the organizations in different construction 

projects, it was decided that this study would be conducted as a case study. Due to 

the descriptive dimension, exploratory nature and as case study is a part of 

qualitative research, the research is conducted from qualitative perspective. As a 

well-structured theoretical framework is almost essential for case studies to classify 

what of the material gathered is relevant, a literature review will be conducted to 

create the framework for this study. (Niemistö 2014, p. 3; Aaltio-Marjosola 1999) 

 

The data is collected in mixed mode and the construction projects’ knowledge and 

information flows are examined from the three information flow barrier 



45 

 

perspectives identified by Zeng et al. in an interorganizational construction project 

(2007): 

1. Organizational / structural barriers: 

- These are barriers due to the organizational structure of the firms 

involved in a construction project; include multi-level structure 

barriers and horizontal communication barriers. 

- The data collection method for these types of barriers is the KETJU 

tool. 

2. Behavioral and cultural barriers: 

- These are barriers mainly due to behavioral characteristics of 

related persons and posts; include uncompulsory liability and lack 

of incentive mechanisms. 

- The data collection method for these types of barriers are themed 

interviews. 

3. Technical barriers 

- These are barriers mainly due to technical characteristics of 

information in construction projects. Lack of information 

collaborative system and application in different projects are two 

main aspects. 

- The data collection method for these types of barriers is the 

questionnaire. 

The data collection methods are more thoroughly examined in the following 

chapters. 

 

3.2.1 Qualitative research 

 

The base premise behind qualitative research is that it’s a method to describe real 

life. The research topic should also be approached in a holistic manner. This means 

that when interpreting the results from a qualitative study, the interpreter must also 

be able to understand the descriptive dimension of the subjects in the study and the 
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relationships between them. For an example of the dimensions and relations, the 

interpreter of the research might have to comprehend why something was good and 

what the adjective good means in current context (i.e., a race car might be good, 

because it’s fast and reliable, while a dinner at a restaurant might’ve been good, 

because the food tasted great and the service was fast and friendly). (Hirsjärvi et al. 

2009, pp. 160-166) 

 

When pitting qualitative research against quantitative research, the main focus of 

qualitative research is to discover and reveal the existence of things, in contrast to 

quantitative researches’ focus of trying to prove whether a hypothesis or a statement 

is actually fact or not. Quantitative research is said to focus in numeric data, while 

qualitative study is supposed to dwell in to the definitions of various phenomenon. 

These research methodologies however should not be considered as separating or 

polarizing factors in research, since numeric data can often give descriptive material 

context and on the other hand numeric data also needs defining for it to have any 

meaning. Thus qualitative and quantitative research methodologies should be seen 

in a way that both fulfill each other instead of that they’d exclude each other. 

(Hirsjärvi et al. 2009, pp. 135-137, 160-166) 

 

3.2.2 Literature review 

 

The theoretical framework for this study is built with a literature review. Literature 

review could be defined as doing research on existing research. By this way it is 

possible to collect results from research already made by other professionals and 

base new research on their results. Literature research can roughly be divided in to 

three categories: descriptive literature review, systematic literature review and 

meta-analysis. Descriptive literature can further be divided in to two directions, 

narrative and integrating literature reviews. Furthermore meta-analysis can also be 

done from qualitative or quantitative perspective. (Salminen 2011, pp. 4-9) 
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Descriptive literature review is a popular and common research method which 

doesn’t dictate any tight rules for its conduct. It is commonly used to describe and 

classify properties of the phenomenon researched in a broad perspective. As its 

subcategory, narrative literature review is the shallowest method of literature 

reviews. It is generally used to provide a general perspective to the research topic, 

or to incite conversation around it. Usually the amount of sources used numbers 

under ten. The downside of this kind of review is that the synthesis from the material 

might be skewed. Integrating literature review on the other hand is utilized to 

describe the phenomenon researched diversely, providing a broad perspective on 

the matter. It can also be utilized to produce new information quickly from existing 

information. Integrating literature review provides guidelines also in critical 

assessment of the literature and in the synthesis, but still the material isn’t screened 

as selectively or accurately as in systematic literature review. (Salminen 2011, pp. 

6-9; Torraco 2005, p. 356) 

 

Mark Petticrew (2001) defines systematic literature review as “a method of 

locating, appraising, and synthesizing evidence.” The systematic literature review 

consists of five main phases: the definition of the review question, searching for 

relevant studies, screening the studies, assessing the quality of the study and finally 

synthesizing the study results. The main differences compared to the narrative 

literature reviews are that a clear question to be answered by the review has been 

defined, the material gathered for the review should include all the relevant 

published and unpublished studies in order to avoid any bias and it should be made 

clear on which principles and why certain material was included in, or screened 

from the study. The material included in the study should also be examined in a 

systematic manner so that any bias and reasons for heterogeneity in the results 

would be recognized. As a result, the synthesis is based on the research that 

methodologically most sound. 

 

Meta-analysis in literature review can be divided into two categories: qualitative 

meta-analysis and quantitative meta-analysis. Qualitative meta-analysis contains 
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two different orientations, meta-synthesis and meta-summary. In meta-synthesis the 

texts are read with care and key ideas, points, phrases and concepts in them are 

grouped up and compared with each other. While meta-synthesis focuses on 

interpretation of sources provided, with meta-summary the idea is to compact the 

material provided with quantitative methods and then use frequency effect size and 

intensity effects size to determine how well the material of the literature review 

relates to the research problem. (Salminen 2011, pp. 12-14; Virtanen & Salanterä 

2007, pp. 74-75) 

 

Meta-analysis is often used as a synonym for quantitative meta-analysis and it’s the 

most difficult type of literature review to perform. In quantitative meta-analysis, 

quantitative methods are utilized to analyze the material selected for the study. 

While it can provide numerical results from a large amount of material, in order to 

be able to interpret the results, the researcher must have good statistical skills. Also 

the material and sources selected for the research must be well screened and vast, 

in order for the results of the analysis to be reliable. The method is most useful in 

research cases, where there are a lot of differing result in the literature selected for 

the research. (Salminen 2011, pp. 14-15) 

 

3.2.3 Case study 

 

Case study is a common method to study unique phenomenon in their own context. 

The research perspective is qualitative perspective, and the results are interpreted 

in such a depth that it rarely allows for generalizations. However case studies can 

provide for new hypothesis or research ideas in further studies. Case study isn’t a 

direct, singular method or tool for conducting research. Instead it is a form of 

research, where the tools and methods used are selected case by case based on the 

requirements presented by the subject and the topic of research. Themed interviews, 

or semi-structured interviews are a common method for gathering research data. 
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Other methods for data gathering include observations, analyzing written material 

provided and structured interviews. (Aaltio-Marjosola 1999) 

 

A common benefit for case studies is that the researcher can approach the subject 

of the research in a holistic manner. This is achieved with close and longtime co-

operation with the research subject. The material for the research should be 

collected in natural environment in real life situations and the researcher should try 

to reveal unexpected situations with inductive analysis. In order to limit the scope 

of the study, the group of subjects studied are selected purposefully and the 

theoretical framework for the study should be solid. Another property of the case 

study is that the research plans should be treated iteratively. They should be updated 

whenever required and on the other hand the focus of the research should be 

clarified whenever possible.  (Aaltio-Marjosola 1999) 

 

After the material and data gathering phases of the research, the researcher usually 

leaves the organization in order to start the data analysis process. The material 

gathered is condensed and conclusions are made based on the different kinds of 

relationships and dependencies that the researcher has observed and on the other 

hand based on the theoretical framework formed for the study. There has been some 

criticism on validity of case studies as they have problems with generalizations. 

However due to the nature of the case studies, generalizations are not the goal 

behind the method. Instead they are used to analyze a certain problem with the case 

subject and the goal of the study is to provide in depth insights and observations, so 

the subject can be able to cope with, or limit the effects of that problem. (Aaltio-

Marjosola 1999) 

 

3.2.4 KETJU tool 

 

KETJU is a versatile tool for describing different kinds of relationships and 

requirements in company’s value chain or value network. It was originally designed 
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to structure, organize and analyze customer needs for a company. It is especially 

suited to situations where company has a lot of stakeholders in its value network, 

or a distant dependencies between the actors in its value network, that may heavily 

affect to the demands placed on its products. Due to its flexibility and scalability, it 

can also be used for example to model different kinds of flows between different 

actors in the company’s value network (e.g., material, money, information). The 

KETJU tool is presented in figure 12. (Kärkkäinen et al. 1995, pp. 1-3, 9) 

 

 

Figure 12. KETJU matrix (Adapted from Kärkkäinen et al. 1995, p. 3) 

 

As it can be seen from figure 12, KETJU is a diagonal matrix where the different 

stakeholders in the company’s value network are placed on the diagonal. They 

should be placed so, that the actors with the closest ties or having the strongest 

collaboration between them are also put as close as possible together on the 

diagonal. For example material flows between actors can be used to define this 

relationship. In this example fields above the diagonal can be characterized as 

requirement fields and fields below the diagonal as property fields. Outputs from 
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different actors are described on the horizontal rows and inputs on the vertical rows 

(i.e., in figure 12 manufacturer of a product gives a ten-year warranty for the end 

customer). The area above the matrix is called the upper field and it is used to 

describe external factors that affect the stakeholder, but are not included in the value 

network. The area to the right of the matrix is called the right field and contains 

information about the competitors. (Kärkkäinen et al. 1995, pp. 4-5) 

 

The KETJU process in its basic form is relatively straight forward. It is usually done 

as a group or workshop exercise, so that different perspectives can be brought 

forward. Required tools are pretty basic: a large enough board (i.e., 250 x 150 cm), 

different color post-it notes and markers. The first step is to find out what the 

stakeholders, or actors, in the company’s value network are and then place them on 

the board on the diagonal. After they have been placed in a logical order, the 

different kind of needs and requirements of the stakeholders are placed on the upper 

side of the matrix. After this the relevant external factors and competitor needs are 

placed on the board. Finally the requirements are carried forward on the matrix, so 

that the effects of the stakeholders’ requirements can be identified from the 

company’s perspective. (Kärkkäinen et al. 1995, pp. 7-11) 

 

The finalized result can for example be used for mapping of different stakeholders 

in the company’s value network, gathering information on the company’s 

stakeholders, finding out how requirements from different stakeholders affect each 

other, tracing where some requirement originates from and also verifying how 

much information is known on stakeholders (Kärkkäinen et al. 1995, p. 5). As 

different kind of flows are mapped in the matrix, KETJU can also be used for 

mapping information flows. It is quite scalable and relatively easy to understand. 

When comparing to traditional informal information matrixes or other visualization 

tools, KETJU has a defined, straightforward and easily understandable process, the 

model also includes the possibilities of presenting and utilizing external factors and 

competitor information and the visualization is easy to interpret. 
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3.2.5 Themed interview 

 

Interviews are an easy and flexible way to attain information on the subject of the 

study. It can be defined as “a conversation that has a meaning”. It is a method 

during which the participants usually feel themselves quite comfortable, as it is 

rather simple and straightforward and the interviewees have a hunch on how the 

conversation will proceed. However the ease of and simplicity of interviews can 

also be deceitful, as the responses always have to be interpreted. These problems 

especially present themselves, when researching subjects such as knowledge, 

opinions, beliefs, values and significances, in other words, topics which are highly 

subjective. (Hirsjärvi & Hurme 2000, pp. 11-12) 

 

Hirsjärvi and Hurme (2000, p. 35) list the situations where interviews are suitable 

as follows: 

• When it is desired to emphasize the fact that the interviewee needs to be 

seen as a subject. 

• When the area of research is new, unknown or unexplored. 

• When the interviewees answers need to be put into larger context. 

• When it is known prior to the interview that the answers can be interpreted 

in multiple ways, or they can point to multiple directions. 

• When the answers need clarifying. 

• When the information gathered during the interviews may need to be given 

more depth via extra questions. 

• When the topics researched are sensitive or difficult for the interviewee. 

 

Interview types can be divided in to three architypes: structured interviews, semi-

structured interviews and unstructured interviews. Structured interviews are done 

using forms, which contain the questions presented and the possible answers to 

them (e.g., How are you feeling today on a scale from 1 to 5? In which year were 
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you born?). Unstructured interviews on the other hand use open questions, where 

the interviewers’ role is to get the interviewee to provide in-depth answers to the 

question and usually the follow-up question is formed based on the interviewees 

answer to the prior question. Semi-structured interview is an intermittent form of 

the prior two methods. A common nominator for different semi-structured 

interview methods is that a part of the interviews form is set prior to the interview 

(i.e., the questions are same for everyone interviewed, but the interviewees may 

answer to them freely). (Hirsjärvi & Hurme 2000, pp. 44-47) 

 

Themed interview is a semi-structured interview method, which is based upon the 

focused interview. Themed interviews can be defined as interviews that focus on 

pre-hand prepared themes. As a method it resembles more the unstructured 

interview than the structured interview. As a direct translation or definition, the 

term themed interview doesn’t exist in English language. It could be characterized 

as a focused interview, which doesn’t require any certain experimentally achieved 

collective experience as the basis for the interview. Instead from the themed 

interview’s perspective, every experience, thought, belief and feeling can be 

explored with it. (Hirsjärvi & Hurme 2000, pp. 47-48) 

 

Themed interview process can be divided into three different phases: the planning 

phase, the interviewing phase and the analysis phase. During the planning phase the 

research problems are defined and the phenomenon researched is divided to main 

categories and themes. The interviews are then conducted by the theme areas based 

on the categories of the phenomenon researched and the interview questions can be 

derived on the fly, adding extra questions when necessary to gain more depth in to 

the answers. Finally the material gathered during the interviews is transcribed, 

classified, combined, interpreted and analyzed in appropriate manner. Due to the 

subjectivity of the interviews, the reliability and validity of the interviews has to be 

paid special attention to. (Hirsjärvi & Hurme 2000, pp. 17, 66-67, 135-152) 
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3.2.6 Questionnaire 

 

Questionnaire is a major method of data collection in which the researcher creates 

a data collection instrument which is to be filled by the research participants. 

Questionnaires can be divided in to three types: 

 

Type 1: open ended questionnaire is a questionnaire consisting of open ended 

questions to be answered by the research participants. It is a type of questionnaire 

used in qualitative and exploratory research. 

 

Type 2: mixed questionnaire is a questionnaire that includes a mixture of open- 

and close-ended items to overcome the possible shortcomings of a fully close ended 

questionnaire i.e., 

What is your position in organization:  

1) Upper management 

2) Lower management 

3) Employee 

4) Other: Please list _______ 

A mixed questionnaire provides a method that allows for most of the data gathered 

to be quantified, however the researchers need to code the other answers to a 

comparable format. 

 

Type 3: fully close ended questionnaire is a quantitative questionnaire in which 

the research subjects can only answer the questions in a predefined format. The 

response options usually consist of rating scales, rankings, semantic differentials or 

checklists. (Johnson & Turner 2003, pp. 303-304) 

 



55 

 

As can be seen, there are several ways to approach using a questionnaire and thus 

thorough thought and consideration must be put into the design of a successful 

questionnaire. Johnson & Turner (2003, p. 303) define questionnaire construction 

principles as follows: 

1. Make sure that the questionnaire items match you research objectives. 

2. Understand your research participants. 

3. Use natural and familiar language. 

4. Write items that are simple, clear, and precise. 

5. Do not use “leading” or “loaded” questions. 

6. Avoid double-barreled questions. 

7. Avoid double negatives. 

8. Determine whether an open-ended or a close-ended question is needed. 

9. Use mutually exclusive and exhaustive response categories for close-ended 

questions. 

10. Consider the different types of response categories available for close-

ended questionnaire’s items 

11. Use multiple items to measure abstract constructs. 

12. Develop a questionnaire that is easy for the participants to use. 

13. Always pilot-test your questionnaire. 

 

3.3 Data analysis 

 

Qualitative research can produce a vast amount of data consisting of different types 

of notes, diaries, transcriptions of interviews etc. The data gathering, and its 

extraction also takes a lot of time, as after conducting the interview, transcribing it 

may take hours and produce tens of pages of text. After this the researcher must 

make sense of the data by shifting and interpreting it. The method for this is usually 

rigorous and systematic analysis, classification and categorization of the data. (Pope 

et al. 2000) 

 



56 

 

Qualitative research data analysis doesn’t seek to quantify data, however simple 

counts are sometimes utilized to provide useful aspects for the analysis. Usually the 

data is preserved in its textual form and indexed if required. The data is categorized 

to describe and explain the phenomenon researched. The classification categories 

can be created inductively or deductively. The categorization process begins with 

reading and rereading, so that the recurring categories and indexes may be 

identified. The identification process may center on particular phrases, incidents 

or types of behavior. Further, indexing also creates many new fuzzy categories, 

which can further be refined, grouped and thus reduced. These categories and their 

contents are then ready for further investigation of the currently researched 

phenomenon. (Pope et al. 2000) 

 

3.4 Data gathering 

 

While the design for the data gathering process had been around for quite a while, 

the material gathering processes startup still surprised the author by its almost 

aggressive nature. After one month of basically achieving nothing to advance the 

thesis, the sudden interview process provided quite a positive jolt for the author for 

the purpose of advancing this thesis. The process begun at a preliminary meeting 

where the contents and context, timetable and confidentiality of the thesis were to 

be discussed and agreed upon. The first interview was agreed upon at the meeting 

and was to be conducted immediately after the preliminary meeting.  

 

The interviews begun with an initial interview with the project-engineer for the case 

project who was thought to possess the best overall knowledge and understanding 

of the different in knowledge and information flows actuating within the 

construction project. The interview begun with the creation of the initial KETJU 

table using a large piece of paper, and post-it notes (the final KETJU table is 

presented in appendix 4). This process was followed by the theme interview. After 

the first interview, other interviewees were selected in such a manner, that most of 
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the stakeholders identified during the first interview would be represented (list of 

interviewees from different stakeholders is presented in APPENDIX 3). The 

following nine interviews were scheduled to be executed during the next two weeks. 

The compact timetable for data gathering was found to be a positive matter, since 

it provided the author the possibility to rapidly develop the interview process 

through experience, even on the fly, while still constantly remembering the answers 

and topics discussed with other interviewees. Finally it was agreed upon that the 

seventy information and knowledge flows gathered during the interview would be 

modelled to an Excel sheet so that they could be described according to the 

information quality dimensions at interviewee’s leisure (the questionnaire for this 

part of the process is presented in APPENDIX 2). 

 

The following interviews followed the format of first presenting the KETJU table 

modelled through the results of the previous processes and then filling it further 

according to the interviewee’s insights. After the five interviews the model was 

deemed to be complete enough, since the interviewee’s couldn’t come up with new 

information or knowledge flows and even before that, only a couple of new flows 

were presented per interviewee (different information and knowledge flows 

mapped are listed in APPENDIX 5). The examination of KETJU table was followed 

by the theme interview. At the beginning of the third interview the author was 

informed that the project engineer responsible for discovery of the vast majority of 

the information and knowledge flows during the interviews had resigned himself 

and thus it was deemed that the completion of the questionnaire considering the 

vast majority of the information and knowledge flows would be at stake and thus 

the idea of using a questionnaire was dropped. This may have an effect on the 

validity of the results in this study, however the versatility of the theme interview 

method provided with a possibility to add new focus points to the themes examined 

during the interview to include the subjects that originally were to be examined 

through the questionnaire. 
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The first interview took almost two hours to complete, as the first hour was 

consumed by the modeling of the information and knowledge flows to the KETJU 

table. Out of the other nine interviews only one slightly exceeded the timetable of 

one hour reserved per interview. Nine out of the ten interviewees were interviewed 

in person. One of the interviews was conducted online using Skype. For the Skype 

interview the initial KETJU table was provided for the interviewee prior to the 

interview, as it was deemed that explaining and presenting the matrix through 

online meeting might provide a challenge that could take up too much of the one 

hour slot reserved for the interviews. In hindsight it might’ve been better to give 

everyone access to the table prior to the interviews to possibly gain even more 

complete view of the information and knowledge flows. However by presenting the 

table at spot, new flows presented by the interviewees would contain only the ones 

that were important enough for them to immediately identify them.  

 

The last interview conducted was done as a pair interview (the interview included 

the interviewer and two interviewees). The interviewees interviewed were from the 

Centre for Economic Development, Transport and the Environment (ELY-Keskus 

in Finnish) and thus represented perhaps the most distant stakeholder group from 

the alliance, providing an excellent testing ground for having multiple interviewees 

interviewed at a single interview, without compromising the data gathered too 

much. Pair interview seemed to have a positive impact on the results, as both of the 

interviewees were very open and seemed to inspire each other to answer more in 

depth to the questions presented by the interviewer. This was also the only interview 

that took longer than the reserved one hour slot, ending at around one and half hour 

and most likely could have gone on for quite a time longer, should the interviewer 

kept on digging for more depth in the answers. Interviewing multiple interviewees 

simultaneously is definitely a method that could provide even more insight in other 

circumstances in the future, should the need arise. 

 

On the single occasion that three interviews were scheduled for the same day, three 

theme interviews held per day seemed to be the maximum for the author, as during 
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the third one it was hard to keep up with what topics had already been discussed. 

Hence forth, during the last interview of the day the nature of the theme interview 

might’ve been slightly compromised and the structure of the interview shifted 

towards traditional structure of a structured interview upon the increasing 

dependence on the topics on paper. The interviews were recorded using a cellphone 

and a computer. Use of such an arrangement saved the sound recording of the first 

interview, since after the initial interview the Windows Phone decided to crash 

during the saving and conversion of the audio file and corrupted it in a way that it 

wouldn’t open anymore. On other times, the phone recording worked well. The 

recordings were then sent to be transcribed at Tutkimustie Plc. The transcribed 

records were then examined for recurring themes and then answers classified to 

these themes. 

 

As additional material, Skanska Infra Plc provided their presentation from the 

project for internal use and also the chart for BIM data flows within the projects. 

Also the Centre for Economic Development, Transport and the Environment (ELY-

keskus) provided the author with a recent publication from the Finnish Transport 

Agency (Liikennevirasto) considering the definition of the digital handover 

documentation developed between the Finnish Transport Agency and Destia Plc 

during the Vt 8 improvement project at Luostarinkylä (Partiainen & Suntio 2017). 
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4 RESULTS 

 

In this chapter the results for analyzing the material gathered during the course of 

the study are presented. The material gathering process according to the 

methodological framework is described, followed by description of the additional 

material utilized in order to produce results. The material is then themed and 

classified according to the themes. Finally the bottlenecks identified through the 

analyzing of the material are presented. 

 

4.1 Internal project presentation 

 

Skanska provided the author with an internal presentation of the part of the Vt 6 

TaaLa project where Skanska has been involved (i.e., the bidding phase for the 

constructor and the construction phase). Based on this presentation, it is rather easy 

to see that the construction phase, or the execution phase is only a part of the whole 

construction project. It is preceded by the development phase and followed by the 

guarantee period and that the selection for the designers and constructors are 

different processes. This brings forth the factor, that there are temporal focal points 

during the processes where the composition of the alliance members and 

stakeholders involved in the project changes. Thus this provides a point to which 

one has to pay attention to while trying to identify the bottlenecks for knowledge 

transfer and sharing. The alliance formation process is presented in figure 13. 
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Figure 13. Alliance formation (Värri 2017) 

 

The bidding process for the tenderers that wanted to participate in the Vt 6 TaaLa 

project is presented in figure 14. While the process was divided in to six different 

stages, the stages can be further grouped up to two major phases. In the first phase 

the different tenderers try to convince the client on the matter that they can provide 

the best capabilities for the successful completion of the project as a part of the 

alliance. Based on their performance during the first phase of the bidding process, 

two of the tenderers were selected for the second phase of the bidding process where 

they compete with price. This can be seen as a way to tackle the possible quality 

issues faced within the construction process. Furthermore, this bidding arrangement 

also brings contractual and motivational obligations for the constructor to focus on 

the quality of the project, while allowing them to calculate a realistic offer so that 

it reduces possible urges to skip corners based on financial urges. This can be seen 

as a trust building factor. 
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Figure 14. The bidding process (Värri 2017) 

 

Adaptation of the financial model for the project with details removed is presented 

in figure 15. The financial model for the alliance project consists of the always 

compensated costs, the fees of the constructor and the designer and also of the bonus 

and sanction system defined in the project. The additional bonuses reserved from 

the initial capital are provided for the constructor and designer if their criteria for 

the bonuses are met (i.e., significant cost savings are achieved during the project). 

On the other hand, the designer and the constructor are responsible for the sanctions 

with their full profit margin, should the sanction criteria be met (e.g., budget 

overruns, devastating incidents, or shouldn’t the project goals be achieved). 
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Figure 15. Financial model (Adapted from Värri 2017) 

 

This type of compensation system may be seen as a knowledge sharing promoting 

factor, since the budget is shared by everyone participating in the alliance. This 

means that there is no profit to be made by trying to trip someone else, or by 

withholding information. Instead this means that in order for the project to succeed, 

everyone has to work together for the successful and qualitatively good completion 

of the project. If the bonus criteria is to be met, the alliance also has to work together 

to create new cost saving innovations. Thus these factors not only necessitate active 

knowledge sharing, but also promote trust, since a win-win situation is created for 

each alliance member. 
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4.2 It infrastructure 

 

The IT infrastructure model for the Vt6 TaaLa project is presented in figure 18. 

Designers have their own software for modeling and the design of the road and 

bridges Skanska provides the central infrastructure for the project, where the 

SharePoint Project Portal provides the central file storage and collaboration 

platform for the project, while InfraKit provides the BIM access for the construction 

activities. Further, the data gathered for the BIM is to be modeled in the Road 

register at the end of the project as a part of the digital handover documentation. In 

addition to these systems, a system for reporting work hours for Finnish Tax 

Administration, a system for quality metrics gathering, a system for quality metrics 

reporting and a system for financial administration exist at Skanska and are used at 

the project. Common electronic communication tools utilized Lync or Skype and 

e-mail.  

 

 

Figure 16. BIM data flows at Vt6 TaaLa (Skanska 2016) 
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Perhaps the most visible feature of the IT infrastructure for the project are the 

interfaces. Most of them are run manually, so while the immediate effect of 

updating and transferring of data to require manual work, it also provides a setting 

for the same data to exist in different versions in different systems simultaneously. 

This can at least in theory create major issues due to wrongful, or untrustworthy 

data. The other factor also visible from this picture and further verified by the 

interviews is that a vast majority of the information contained in the information 

systems is in common office software file formats (e.g., .pdf, .xls, .doc). While these 

formats may be seen as universally utilizable with little effort, they also do provide 

problems with reusability (especially .pdf) and the possible requirement of updating 

multiple documents when key information changes. 

 

4.3 Study on digital handover documentation 

 

The study on the digital handover documentation for a construction project 

describes how the future handover documentation for the Finnish Traffic Agency 

should be structured and what kind of documentation it should include and in which 

format. The study was conducted as a pilot project at the Vt 8 improvement program 

at Luostarinkylä interchange. The constructor company was Destia and the project 

was done as a design-build project form. (Partiainen & Suntio 2017)  

 

While the study evolves around the structure and formats for the documentation in 

a construction project and thus doesn’t directly relate to this thesis, the noticeable 

thing is that Destia has already taken the role of an active participant in order to 

develop industry wide standards. Destia is opening its own methods, processes and 

information models to the competitors. However if the Finnish Traffic Agency 

adopts these methods as their requirement for future infrastructure projects, it also 

means that the competitors have to adapt to these processes already working at 

Destia. This could perhaps provide some a short-time competitive advantage for 

Destia, but more importantly it can also work as a test by which the company can 



66 

 

find out whether the company can change the construction business to work more 

according to their advantages in the future. 

 

4.4 Structural knowledge sharing bottlenecks KETJU analysis 

 

Finnish Traffic agency conducts virtually all communication to the end customer 

(Centre for Economic Development, Transport and the Environment, 

communities). Pöyry has mostly taken care of the communication with the external 

stakeholders, such as optical fiber owners, mobile operators etc. Skanska on its 

behalf has taken care of the (rather hierarchical) communications with the 

subcontractors. These responsibilities were defined at the start of the project, but 

during the project the sharing of communication responsibilities has untangled 

either by convenience or out of necessity (at the later stages of the project the 

designers i.e., Pöyry, have been less present at the construction site). 

 

Possible structural bottlenecks between the subcontractors have largely been 

negated by dividing the subcontracts based on geographical segments. Compared 

to a traditional construction project, the big room has mitigated the structural 

bottlenecks between the constructor, the designer and the client. It was hoped that 

the end users and residents of the area could somehow be provided with the 

possibility to more actively participate in the future projects. 

 

4.5 Interview results 

 

The following major themes on knowledge sharing and transfer emerged from the 

results of the interviews: 

- It software, infrastructure and their capabilities 

- Identified bottlenecks for knowledge sharing 
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- Knowledge quality and communication requirements 

- Organizational learning 

These themes are more thoroughly inspected in the following chapters as “raw data” 

and summarized in chapters 4.6 and 4.7. 

 

4.5.1 It software, infrastructure and their capabilities 

 

Skanska provides the It infrastructure for the project and it’s presented more in 

detail in chapter 4.2.2. In general, all the interviewees were pleased with SharePoint 

as the project bank and central platform for knowledge sharing and document 

storage. The end documentation for the project will be gathered from the project 

bank, and the “raw data” in the project bank will remain available until the end of 

the five-year guarantee period. The access to the data stored in SharePoint is 

managed by user rights and with different user levels. As a knowledge sharing 

platform, SharePoint provides a possibility for increased transparency as all its 

users have similar access to the data and information gathered (taking authorization 

in to account).  Its use has also reduced the amount of email sent back and forth and 

has provided better availability for the different material produced during the 

project, as it can be accessed by everyone with the required user rights and found 

from a one common place. 

 

From technical point of view, SharePoint provides its users better control than other 

commercial products and the ability to directly modify documents collaboratively 

and without downloading and reuploading them. Also, users from Skanska’s 

organization the possibility to use it via Windows Explorer. Only one of the 

interviewees preferred the prior used SokoPro’s interface and usability over 

SharePoint, but still admitted that the platform performed well enough for the task 

it was used for. Other technical difficulties with the system were the requirement 

for the users from outside of Skanska organization to log in to the system, and the 
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SharePoint’s technical 5000 item limit per index for its collections prevents the 

usage of metadata, and further escalates in to problems while performing searches. 

 

While SharePoint has provided an improvement over the previous project 

management systems and practices, its possibilities are utilized only to a limited 

effect. It is mainly used as a document library and for Skanska as an intranet. The 

documents created are often preformatted, however they are always manually 

created and updated without any automated workflows or integrations to other 

systems. The most important file formats used in the project are different Microsoft 

Office documents and PDF-files which also hampers the ability for the information 

contained in them to be utilized to proper effect without manual effort. Skanska has 

recognized these problems and Microsoft Flow is currently being considered as an 

option to ease their effects. 

 

Common BIM could also provide a solution for many of these problems. Especially 

it could be used as a mean to store the information created during the project in a 

machine processable manner. Skanska has purchased licenses for Infrakit software 

to be used as a software to gather the automatically generated data and manage the 

BIM for the project. However, in this project it’s utilization is still quite limited, as 

it’s only used by Skanska, the designers and a few key subcontractors. In addition 

to license costs, the adoption of Infrakit hasn’t been as widespread as it has been a 

work in process, where Skanska has actively participated in its testing and 

development and many of the subcontractors for the project, or external parties 

don’t have the required it capabilities to utilize such a software, or the data model 

it produces. Thus, Office documents and PDF files still retain their viability as data 

sharing tools. 

 

Infrakit and BIM have showed their usefulness and most likely will be utilized more 

in the future. For example, when people are out in the field, they can locate 

themselves quickly and don’t need to carry paper drawings with them anymore. It 

also improves efficiency as people can rapidly access the schematics when in doubt 

and have a common platform to tackle some problems on, as it provides relatively 
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equal visibility to the problem at hand for all people involved, independent of their 

location. Infrakit also has a chat option, with which the requirement of knowing 

who to contact on a specific matter could be mitigated, but this functionality hasn’t 

been widely adopted yet. There is a future development project starting within 

Centre for Economic Development, Transport and the Environment to create a 

replacement for the existing road register information system to utilize BIM. It 

should also be noted, that this country-wide BIM will develop iteratively and with 

the construction of new, as the vast majority of the data for it is still in scanned 

documents and only the new projects are built with BIM as a requirement. 

 

There are no automated it integrations between different stakeholders except for 

gathering the as-built dimensions from the different machinery. Also, there are very 

few internal integrations at Skanska, mainly related to the costing system. One 

concrete example would be that recording safety observations requires manual 

inputs and copying the information to three different systems. The end 

documentation for the project also must be transferred from BIM to PDF documents 

and finally manually from the PDF documents back to the road registry. A decision 

was made that Centre for Economic Development, Transport and the Environment 

and Finnish Traffic Agency will try to find a solution to at least partially automate 

the transfer between the project’s BIM and the road registry. 

 

One notable software development from within the project is the projects decision-

making software. It’s a self-developed software created with SharePoint and 

Microsoft PowerApps to gather actions that require a decision to be made. The 

decisions can be assigned to the right person or decision-making level, deadlines 

can be set and when the decision has been made, there’s a single place from where 

the decisions can be found, compared to the previous method of storing the 

decisions and searching them from the participants emails. Identified future 

software developments that could be built with PowerApps include idea bank and 

replacing the current Excel sheets and Skanska’s internal system for gathering of 

safety observations. 
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4.5.2 Knowledge sharing bottlenecks identified by the interviewees 

 

The traditional organizational bottle necks for knowledge sharing between the 

contractor, the client and the designer have been addressed with the alliance project 

form. There is representation from each of the parties present at the big room (“work 

site project office”), and it provides accessibility to all the central stakeholders from 

a single point and thus mediates more effective communication and knowledge 

sharing. However big room as a working method still requires for the participants 

to be present at the right time and place to participate and be notified of decision-

making. This problem has been addressed with the custom developed software for 

managing decisions during the construction process. The tools introduced only 

cover the construction phase of the project and do not extend to cover the planning 

phase, or the maintenance phase after the project. 

 

A common source for disgruntlement was that the projects’ final documentation’s 

composition lacks proper instructions and is assembled only at the end of the 

project, while it could be composed during the execution phase of the project if the 

format was known. It was interesting to observe that all the participants were 

complaining about it, including Centre for Economic Development, Transport and 

the Environment who was to accept the documentation and thus should be able to 

define its format. The reasoning behind this is that the Centre for Economic 

Development, Transport and the Environment however is working on very limited 

funding and basically at the mercy of its stakeholders (communities, Finnish traffic 

Agency and the government), so that it can’t be unanimously making the required 

decisions. A joint venture with the Finnish Traffic Agency to acquire the necessary 

knowledge to integrate the different data models together has been agreed upon 

though. This however serves as an example to show the structural bottle neck for 

knowledge sharing between the construction organization and maintenance 

organization and demonstrates how new kind of competences are required to tackle 

the emerging problems. 
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The sub-contractors are also involved in the project via traditional contract models 

and at least formally must communicate with each other through the project office, 

forming a tree-like organization structure. This kind of hierarchical organization 

structure presents problems to the inter-organizational communication; however, 

this problem has been tried to negate by dividing the projects subcontracts by 

geographical location e.g., one sub-contractor only works at one block. Another 

identified bottleneck has been the traditional cultural habits in the industry. A great 

effort has been put to developing the knowledge sharing culture, where information 

generated is now assumed to be openly produced to the project bank and the overall 

openness where mistakes are not to be covered up, but instead seen as a possibility 

of learning. 

 

A major factor for this kind of ethical change is the alliance projects’ economical 

model, which rewards quality, innovation, timeliness and financial targets. While 

this has worked to a degree, there is still much work to be done, especially with the 

sub-contractors that visit the site less frequently. As they don’t necessarily conform 

to the new ways for communication and knowledge sharing, the teaching process 

for these methods has remained an ongoing process. This kind of new way has also 

brought up the importance of human resource management skills, as everyone at 

the site may require personalized methods to learn to adapt to the new methods, and 

to identify the importance of their work. The complete picture must be presented to 

and adopted at even the lowest level of work, requiring a new set of skills. Some 

sort of weekly or monthly information package or newsletter has been discussed for 

the past year as a method to inform everyone about the project, however it hasn’t 

really started to gain momentum. This could provide a good measure to inform the 

sub-contractors visiting the site less frequently, about the situation of the project. 

 

4.5.3 Knowledge quality and communication requirements 

 

Email, phone and face-to-face meetings remain the most central communication 

devices. While they are effective means to transmit information from one person to 

other, or even for more widespread knowledge sharing, these methods are also very 
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restrictive for anything that should be shared or accessed over time and location. 

Meeting minutes from predefined are saved to the project portal. Big room has 

improved the accessibility to different stakeholders and thus knowledge massively. 

Also, it has improved and opened the communication culture a lot. These things 

have contributed to the project group’s better ability for problem solving as they are 

able to access each other’s knowledge reserves more readily. However, big room 

communication is still tied to the same space and time. There are still problems with 

extending these capabilities to the field, or the community. Some sort of chat was 

presented as an option to address some of these problems. 

 

There is a lot of tacit knowledge present in the project. An interesting point was that 

the construction phase of the whole project is only a small part of it and the 

information and knowledge gathered during the planning phase is crystallized to 

the bidding contest and the initial plans for the project. However, all the tacit 

knowledge in the planning phase of the project is lost for the construction phase of 

the project, and there is no feedback loop back to the planning phase on the viability 

of the plans made. This also holds true to the maintenance phase of the project, 

especially after the guarantee phase, where the knowledge gathered during prior 

phases of the project is consolidated to the final documentation of the project, 

however there is a partial feedback loop present to the prior phases of the project in 

the form of a study of effects that is usually conducted few years after the 

completion of the project. As the information remains in PDF documents compiled 

to different case-by-case standards, its reusability and capability to be analyzed with 

it systems are also quite poor. 

 

There are also problems presenting themselves on the knowledge and information 

quality. There is a lot of manual work in creating and maintaining different 

documents, for example hour reports are filled to Excel sheets, printed, signed by 

worksite manager and finally scanned and manually entered in to the Finnish Tax 

Administrations system. These prove delays and many possibilities for errors to 

occur. Another problem is also that plans required to an acute need are often taken 

to a too fine level of detail or done at a too grand scale causing unnecessary delays. 
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Also, there is no automated process related to changing government official quality 

demands and thus it forces a risk that the produced information doesn’t accord to 

the requirements or is processed to a too fine of a degree and unnecessary work is 

conducted. 

 

While the alliance form improves knowledge sharing within the organization, 

knowledge sharing with external partners hasn’t really been identified as a viable 

endeavor. This is a bit surprising as it is recognized that the whole industry, 

including the participants of the project, could benefit from sharing of some 

information. For example, the measurement data from the excavation machines 

could be used to update the industry wide work efficiency charts used as a basis for 

shift planning from the 60s to the modern day. This is partially explained by the 

fear of losing even the slightest competitive edge, so it’s easier to keep a tight lid 

on the information and data accumulated. 

 

4.5.4 Organizational learning 

 

While not directly at the focus of this thesis, organizational learning and the lack of 

processes to support it played a major part in the answers of the interviewees. Vast 

majority of the companies interviewed don’t have any formal organizational 

learning processes (with the exception of Pöyry), and the knowledge accumulated 

during the projects is contained within the people involved. In general, the 

knowledge is spread in conversations between people, who happen to work in the 

same project and for example there are no debriefings on what went well, what were 

the problems and what should’ve been done differently after the project. There are 

also organizational gatherings for different reasons, where the knowledge and 

information gathered is spread in informal context to some degree. 

 

Skanska offered the most transparent view to their organizational learning situation. 

At Skanska Infra the project organizations for each project are built on case-by-case 

basis, and thus do provide a possibility to spread the knowledge accumulated in 
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prior projects. However, the project organizations are often formed from the people 

living in the geographical vicinity of the project, limiting the ability to spread the 

accumulated knowledge throughout geographical regions. A sense on the 

importance of organizational learning has started to form up, as an increasing 

interest on how different problems are solved has been placed on the alliance project 

at the directorial level of the company. The alliance project is being used as a 

laboratory project for many kinds of knowledge work, and learnings from it are to 

be spread around the company. There are also some crossover possibilities for the 

employees between different divisions of the company in various projects, which 

can be used as a method for knowledge spreading and organizational learning. For 

example, the communication methods and use of SharePoint as a project bank could 

immediately be spread throughout Skanska organization. 

 

The culture of not sharing knowledge was also present especially at the performing 

level, as it might spread to competitors, or undermine their own authority. It was 

also seen, that it wouldn’t be useful to try to spread the things learned from some 

project, as every project was an individual construct with its own methods for work. 

There also often were no feedback loops within the different organizations and 

especially between the different phases of the project, thus preventing the 

possibility for organizational learning. The separation of Centre for Economic 

Development, Transport and the Environment from the Finnish Traffic Agency was 

seen as an especially harmful incident from the point of the information from the 

organizational learning point of view for the maintenance phase. The customer- and 

project requirements seem to play a substantial role in the sharing of knowledge 

and thus providing an opportunity for organizational learning, as the customer has 

the opportunity to force codification and even publication of the different things 

learned during the project, while the companies participating in the projects often 

seek to minimize any overhead to be as cost effective as possible (even though some 

of the things learned might provide more profits in the future). 
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4.6 Technical knowledge sharing bottlenecks based on the interviews 

 

Skanska provides the technical it infrastructure for the project. Machine guidance 

directs towards the use of BIM. However, the vast majority of the information 

gathered and codified within the project is produced to Microsoft Office document 

formats, or PDF files as they have to be in format that external stakeholders can 

access and utilize them. For example, the current road registry doesn’t understand 

anything about BIM, instead it contains Excel like information like “20 of this kind 

of streetlights are on this street portion”. The file formats further cause problems in 

further accessibility of the information, as they hinder the possibility for 

integrations and process automation. The documents are created manually (using 

ready templates though) and there are barely any integrations between different it 

systems, and the data transfers between systems are usually done manually. 

Furthermore, due to SharePoint’s technical limitations, metadata hasn’t been 

utilized and the documents are stored in deep folder structures, hindering their 

accessibility. Microsoft PowerApps and Flow are being examined as potential 

candidates to ease these problems. 

 

The central system for sharing knowledge within the project is the project bank, 

SharePoint. And it has provided transparency, openness and increased trust between 

the contractor and the client. However not all of the subcontractors have access to 

it, and the most important communication methods are face-to-face communication, 

phone and email. While these are effective means in their own regard, they certainly 

promote problems with codifying information gathered throughout the project. 

Face-to-face communication is also highly dependent on time and place and has 

caused many problems especially with decision making, as the people not present 

and participating in the process have to be notified. A decision making software has 

been created in order to make sure the decisions are made when required and also 

to inform the necessary people that weren’t present. Also a lot of the tacit 

knowledge gathered in the prior phases of the project hasn’t been transferred 
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forward and the feedback loops between the project phases are non-existing, or 

lacking. 

 

4.7 Cultural knowledge sharing bottlenecks based on the interviews 

 

From cultural perspective, the major bottlenecks are resistance to change and the 

fear of knowledge leaking to competitors, and the mistrust caused by its possibility. 

The mistrust is further enhanced by not defining what kind of information or 

knowledge is important or critical to the business, and what would be shareable. 

Further, only Pöyry had systematic processes for transferring the accumulated 

knowledge to other employees and thus facilitating organizational learning. These 

factors tend to create knowledge silos, where the accumulated knowledge resides 

in individuals and the companies can’t exploit it even near to its full extent. Finnish 

Traffic Agency is also very careful in trying to change the constructors’ behavioral 

patterns, as such change might affect constructors’ profitability, while Skanska for 

example was hoping for better instructions for the final documentation of the 

project.  

 

This also portrays that Skanska hasn’t yet been able to change its mindset to that it 

as a company has the capabilities to try to change the industry to its likes, i.e., taking 

active participation in the defining and developing of the final documentation of the 

project, instead of waiting for the Finnish Traffic Agency to provide for 

instructions. The alliance project form has been a successful endeavor in improving 

knowledge sharing however. There are no contractual boundaries preventing the 

alliance members from sharing information with each other. In fact the bonus 

system for the project has created a win-win-situation for its members, promoting 

knowledge exchange and a special effort has been paid for promoting knowledge 

sharing, especially during the early phases of the construction project. Also as an 

interesting side-note, Pöyry has started to drift slightly away from the traditional 
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systematic project management and started to experiment with some agile methods, 

more commonly used in it projects. 
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5 DISCUSSION 

 

In this chapter the thesis is summarized and the results are examined based on the 

theoretical framework. 

 

5.1 Addressing structural bottlenecks via digitalization 

 

From digitalization’s point of view, the structural or organizational bottlenecks are 

easier to address than in real life, as the organizations do not require real life 

corporate structures. In information systems the organizations can be built as virtual 

organizations on a case by case basis, that do not have to mimic real life 

organizations. However the different organizations and entities participating in the 

virtual organization have to be able to access the virtual organization and provide 

the inputs and receive the outputs from it in format that they can produce and 

receive. The problems in virtualizing the organization in the case project manifest 

themselves more, as the IT capabilities of the different entities in the project 

organization vary a lot. There also are no standard or common inputs and outputs 

defined for the virtual organization. Finally, additional participants in the virtual 

organization may provide additional license fees for the real world organization. 

 

Cloud based information systems ease the problem with the varying IT capabilities, 

as they work on a web browser and don’t require for the companies to maintain a 

significant IT infrastructure. The virtual organizations and their accessibility to the 

alliances knowledge base should be defined so that it would not provide any major 

risk of knowledge leakage. However, it should be paid attention to, that all the 

participants in the virtual organization would have the access to the required 

information at the right level, when needed. While the development of it systems 

on a lack of standardized inputs and outputs can be seen as a financial risk for the 

organization, it can also be seen as an opportunity. Different participants in the 
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alliance are big enough players in the Finnish construction industry scene, which 

they have the potential to weigh in on as early adopters at the development of the 

industry as a whole in Finland. The financial benefits gained from being able to at 

least partially automate the generation of the outputs and enabling immediate 

communication without a man-in-the-middle could be able to cover the possible 

license fees, or even provide profit. 

 

5.2 Addressing technical bottlenecks via digitalization  

 

In general, there is a lot of information generated from the knowledge gathered 

during the project. However the knowledge generated is often codified to file 

formats that are not easily utilizable by automated means (e.g., pdf, word and excel 

documents). These files are then stored in deep hierarchical folder structures, 

without metadata for searches, hindering their accessibility as finding and utilizing 

the gathered knowledge requires knowledge of the structure of how the documents 

are stored. These documents (or links to them) are then sent in emails to inform the 

people that such a document has been created. The documents often follow 

predefined format, so even when found, they don’t necessary provide the 

information at the right level of granularity. 

 

If the information would be stored in databases, it could provide a myriad of 

opportunities for different kinds of ad hoc queries, improving the accessibility to 

the codified knowledge at the right level of granularity. This could improve the 

effectiveness of knowledge creation also. Currently the BIM is the biggest database 

utilized in the project. However, as not everyone has the technical capabilities to 

access and utilize these kind of systems, it’s still important to be able to provide 

access to the information for them. 
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As the documents generated often follow a predefined format, a lot of them could 

be generated from information stored in database when required. Also it should be 

noted that not all of the gathered information can be transferred, or transferred at a 

reasonable cost, to a structure, which would provide benefits while stored in a 

database. Therefore it would be imperative to design a data storage structure of what 

information to store and how to store it. 

 

Another aspect to consider is that the responsibility of codifying the knowledge 

gathered would be passed to the person gathering it. This would require the creation 

of easy to use user interfaces, from which people could be able to input the 

information in the right format for the databases. These user interfaces, as with all 

other required IT tools, should be accessible for all of the people that produce this 

kind of knowledge. 

 

These kind of changes would require a cultural shift for codifying the knowledge 

created, and would most likely also require some incentives from the ordering 

organizations (e.g., telling why the change is done, possibly bonuses, contractual 

obligations…). These kind of changes most likely would not come cheap, however 

they would provide the ability to improve internal processes, build integrations 

between different actors in projects and also provide the possibility to utilize and 

analyze the vast amounts of data gathered during different projects. Standardized 

processes and formats could also provide the ability to share and utilize knowledge 

gathered between other projects. 

 

5.3 Addressing cultural bottlenecks via digitalization 

 

Currently there are no official knowledge sharing processes in the alliance 

organizations, exempting Pöyry. However especially from the customer’s side, the 

transparency acquired from utilizing a shared project bank, to which everyone has 
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access, has promoted a new level of trust. With utilization of digitalization and 

providing access to everyone in the organization to the material they need, such a 

trust increasing transparency could be achieved with other actors too. Also, while 

it could be seen as a hindering factor, that the knowledge transfer processes are 

missing, a slight silver lining can be seen there, as the existing processes don’t 

provide any limitations for the digitalization process. 

 

Trust could be identified as the single most important enabling factor for knowledge 

sharing in and between organizations based on the literature. Therefore it is 

important for that the IT systems used for knowledge codifying and gathering 

would not be seen as a method for trying to steal the existing knowledge 

accumulated by different actors. Instead, the systems utilized for information 

gathering should provide benefits for their users also, and give them transparent 

view to the knowledge they have codified. 

 

For this kind of cultural shift, most likely more actions, other than simply 

introducing new IT systems, will be required, as the resistance for change seemed 

to be quite severe. These sort of actions most likely would be similar as for the ones 

for technical bottlenecks (e.g., telling why the change is done, possibly bonuses, 

contractual obligations…). To address the possibility of knowledge leaks, and for 

the digitalization process to be successful, a detail should be paid in advance to the 

access groups and levels for the information gathered. This is especial important, 

as the traditional IT approach of deny everything, allow based on need, could 

provide problems with the trust creating transparency. 

 

Digitalization also provides the possibility for people to network outside 

organizational or contractual borders. If provided access, people can make peer to 

peer connections without a man in the middle (i.e., you don’t have to ask for a 

supervisor to contact someone at the project office to give advice to a problem, but 

it can be done directly). This also provides the possibility to start to create 
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relationships with new people, generating relational capital, and further increasing 

trust. Digitalizing communication also provides for the possibility that you don’t 

have to know for who to contact specifically, instead you can toss the question for 

a pool of people to solve (i.e., discussion group). As everyone participating in the 

group may have the possibility to see the question, and the answer, they can further 

accumulate knowledge from there, that otherwise might remain tacit. 

 

5.4 Addressing temporal and geographical bottlenecks via digitalization 

 

Some of the greatest challenges adhered in the project on the knowledge transfer 

were that people weren’t there when a decision was made. This had even already 

prompted a software development with their decision making software. Also, the 

current project organization didn’t have any knowledge on the prior phases of the 

project, except for the documentation they had received, and there would be a 

similar disjunction after the project would be completed with the future 

maintenance organization (the project would still store the information for the 

duration of the guarantee period though). 

 

Modern communication tools do offer the possibility to communicate over a video 

conference for example, and to certain extent mitigate the need to be present 

geographically at the same place. However when the communication takes place 

over a period of time asynchronically, the knowledge codifying process becomes 

more important. As the main communication instruments for the project members 

were phone and email, digitalization could provide vast possibilities to improve 

upon those. 

 

The instruments chosen to improve knowledge sharing via communication should 

still refrain to the simplicity of phone conversations and emails, however they 

should be able to cope with the phone conversation’s problems of poor codifying 
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and the requirement for synchronous communication and emails problem of poor 

ability to find the required information and the poor availability for those not 

included in the message chain. The instruments should provide a possibility for 

people to find people and expertise from the organization. Based on the decision 

making software, the instruments should also provide the ability to address 

questions to or communicate with a certain group rather than an individual. The 

tooling should also be made available for all participants in the project, to be able 

to capture as much of the codified knowledge as possible, and scalable as the project 

organization changes during the different phases of the project. This kind of toolset 

could be used throughout all the phases of the project, so that the future phases 

could access the information generated by the prior phases, if required. 
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6 CONCLUSION 

 

The initial task and definition set for this thesis was to investigate and improve the 

effectiveness of a complex inter-organizational project with means provided by 

digitalization. Construction industry and the Vt6 TaaLa project were obtained later 

for the case target. However I was slightly shocked about at how relatively primitive 

level the digitalization process was at the project. The information mostly resides 

in poorly utilizable formats, there are barely any integrations between IT systems 

and the access to these systems is often restricted. There also were no formalized 

processes for knowledge transfer. Because of these factors, it was very hard to 

identify a single point of what to improve and it forced a more widespread approach 

on analyzing where the problems and bottlenecks for knowledge sharing were and 

making suggestions on how to improve them. 

 

I was able to identify a vast number of bottlenecks for knowledge sharing within 

the organization, however only for a part of these, immediate digitalization 

solutions can be provided, and some of them would need a study of their own to be 

addressed in the scale that they’d deserve to make more concrete suggestions. Also, 

I’d been doing this study for four months before the case project was secured and 

especially the managerial implications rely heavily on the author’s own expertise. 

The results also implicate some interesting things for future research, but as this 

was a case study on a new form of project organization and management in the 

Finnish construction industry, the theoretical contributions should be examined 

with caution. 

 

On a more personal note, this study could also be a study on motivation and the 

lack of it. While writing these final words for the thesis, I still am not sure on who 

the customer for this thesis was. Was it the university, the project that provided the 

funding, Skanska, or the alliance project as a whole? I personally chose the last one. 

The first four months were a real stress causer, as the subject for the thesis and the 
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case project changed twice, and my then instructor from the university seemed 

much overburdened leaving me feel quite stranded and eventually unmotivated. 

Finally as the case project was confirmed, I steamrolled through the interviews and 

had a massive energy, confidence and motivation boost. This lasted for the next 

couple of months. After releasing the preliminary results and recommendations to 

the customer, the original people from the project started to leave for other projects 

and the summer vacation season started. After this the communication with the 

customer ceased, and I lost all motivation for completing this thesis. Instead of 

finishing this thesis, I decided to change jobs, buy and renovate an apartment, and 

finally our daughter was born effectively mitigating all free-time problems. 

Thankfully the university contacted me, as I was ready to give up on the completion 

of this thesis. So now as I’m finishing this thesis a year late and am very glad that 

the finishing line is in sight. However, this does portray the importance of active 

co-operation with the customer, at least in my case. 

 

In the end, this thesis does provide valuable insights to the knowledge sharing 

problems within a complex inter-organizational construction project, and how they 

had been addressed (if they had been addressed at all). I also was able to find out 

practical suggestions on how to fix some of those, and on the other hand point out 

those things that require more in-depth investigation. I also was able to develop a 

sound method of examining knowledge and information flows in an inter-

organizational project. The theoretical implications should be examined in the 

context that this was a case project, however the capability of the alliance project 

as a form of improving efficiency, knowledge sharing, transparency and trust and 

also mitigating the need of exclusive contracts seemed to be especially strong. 

 

6.1 Managerial implications 

 

All of the participants in the Alliance seem to be very wary on trying to change the 

industry by the methods knowledge management. Every participant in the alliance 
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has the potential to try to change the industry to a better direction by taking a more 

sales or marketing centric approach to knowledge sharing. Someone will eventually 

change and define the future of the industry and the participants should consider 

whether they are the ones leading the industry’s change, or the ones that have to 

adapt to the change promoted by others. The current situation seems to be that the 

participants have more of a follower mindset instead of a leader mindset. This kind 

of mindset could also be seen as a risk management strategy, as some investments 

made by the companies might become obsolete as the industry standards would be 

defined by someone else (Destia for example has been an active participant in 

defining the final documentation for infrastructure projects). As a major customer, 

the Finnish Traffic Agency should also take its role as the industry definer, as 

improving the quality of the construction projects industry wide serves everyone’s 

benefit in the end. 

 

Organizational learning is a process that more emphasis should be placed upon. 

Best practices should be spread from one project to another, to increase the 

effectiveness of the companies. Only Pöyry had at the time of the interviews started 

to pay interest on the matter. While the best practices might not be directly 

transferrable between the projects, a more in depth analysis of the project’s 

problems within might provide some greater extent on the more in depth reasons 

how to mitigate such problems in the future, while they might not present 

themselves as exactly similar problems. 

 

A major factor for organizational learning from analytical perspective and also for 

the quality of the explicit knowledge and information created during the projects 

would be to store the codified knowledge and information in reusable format. This 

would mean that the data would be stored in BIM or databases. These kinds of 

changes with the predefined templates for documentation would enable for the 

different kinds of documentation to be produced automatically, or prefilled from 

the data in databases. Also the change would serve as an enabler for future 

integration of different it systems. As these kinds of integrations are often time-
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consuming and expensive, they should be carefully considered. As a major 

construction company, Skanska could also consider the option of providing project 

it infrastructure as a service, and thus reducing the chance of unnecessary 

integrations. 

 

One easy way of tackling problems related to day-to-day communication tied to 

time and place would be to start using a tool like Slack (https://slack.com/). Slack 

could be described as a modern descendant of IRC, where different of organizations 

can use different channels to communicate with each other. It’s a cloud based 

software, of which has different pricing plans based on the subscription type, 

starting free of charge with limited message history and number of integrations. 

Slack of course isn’t the only option for such a task, but the tool chosen to be utilized 

should provide its key features e.g., the possibility to chat, store message history 

and search, user rights management, ease of use and access so that people with 

limited it skills could participate, a cloud based system, so no installations / 

infrastructure is required and easy scalability.  

 

Slack was chosen as an example as it’s quite common tool used in multi-

organizational it projects. Many of the problems present in the construction industry 

have been solved in other industries involved with complex multi-organizational 

projects. The final managerial implication would be that the companies working in 

the field of construction industry should actively be searching for how project 

management is conducted in other fields of industries, and reflect if the methods 

used there could be utilized in their projects. Also when there are people from 

different fields of expertise and backgrounds present at a project, it would be 

important to try to accumulate and absorb knowledge from them, especially on how 

they have solved the problems present at the project in their own field of expertise. 

 

6.2 Theoretical contributions 
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As this thesis was done as a case study, the generalization of its results should be 

done with a great deal of caution. However, the research design and methods used 

for identifying the knowledge sharing bottlenecks proved out to be sound. The 

different interfaces and relationships within the projects inter-organizational 

network were modelled with the KETJU tool, providing an overall view to the 

project organization and also showing the structural bottlenecks. Themed 

interviews were an excellent tool providing an in-depth access to the data that 

couldn’t be modeled with the KETJU tool (i.e., organization’s internal dynamics) 

and also provided a tool to expand and build upon a deeper understanding of the 

project and its bottlenecks for knowledge sharing. Even though the questionnaire 

wasn’t eventually utilized, the themed interviews with the combination of the 

interviewer’s expertise on the field showed the effectiveness of the combination. A 

lot of the data planned to be gathered with the questionnaire, could be gathered with 

additional questions in the themed interview. However the compilation of methods 

should be tested more in other studies, so their cumulative usefulness could be 

validated. 

 

All of the different knowledge transfer hindering barriers identified by Zeng et al. 

(2007) could be identified in this project (organizational, behavioral and technical). 

There were also two new kinds of bottlenecks identified, related to time and 

geographical location. While these could be seen as a subset of technical barriers, 

their importance and distinction from other technical challenges promotes their 

separate presentation at least in the context of this thesis. They were one of the most 

significant cause of knowledge transfer disruptions, and even promoted an internal 

software development project in the form of the decision-making software. 

 

The third theoretical contribution from this study relates more to the material that 

was examined for the literature review of this thesis. While not nearly all of the 

material examined ended up utilized in this thesis, it could be observed that 

especially from China there was a large undertaking on trying to identify an optimal 

combination of trust and contractual commitment in order to achieve the best results 
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in construction projects. The data gathered in this study would strongly implicate 

that where the alliance project form can be utilized, it solves the vast majority of 

problems with contractual and trust presented in the literature, as in order for 

profitable completion of the project, the project model forces the different 

participants of the project to work together more effectively, forces open 

communications and knowledge sharing and also promotes trust between the 

participants of the project. 

 

6.3 Future research 

 

Some future general and case research topics based on the literature review and the 

results of this thesis include: 

- How alliance projects’ profitability compares to the more traditional 

project forms profitability in the Finnish construction industry? 

- How alliance project could affect contractual constructs of a 

construction project? 

- How does the alliance project model perform in it projects? 

- How the research method designed for this case study would 

perform in some other study? 

- How to virtualize big room? 

- How to implement and sell Slack (or other similar tool) in a multi-

organization development project? 

- How cloud services could work as a facilitator for the development 

of it capabilities? 

- How to develop organizational learning at Skanska / Finnish Traffic 

Agency? 

- How to better include final users in an infrastructure project? 

- How to develop subcontractor contracts at Skanska? 

- It integration roadmap for Skanska.  
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APPENDIX 1. THEME INTERVIEW TOPICS (IN FINNISH) 

 

Nimi, yritys, asema, tausta 

 

(KETJU-menetelmän esittely) 

Toimijoiden väliset tietovirrat 

Tietovirtojen toteutustapa (menetelmä, mahdollinen järjestelmä, tiedon 

saatavuusvaatimukset / -toivomukset, tiedon tarkkuus ja mitä sen pitäisi olla…) 

 

Projektin IT-infran toteutustapa 

 

Pullonkaulat tiedon siirrossa 

 

Tiedonkulun edistäminen verkostossa  

Miten tieto ”löydetään” verkostossa? 

Tiedonkulkua haittaavat asiat verkostossa 

 

Muut tietotarpeet 

Strategiset tietotarpeet 

 

Kerätyn tiedon hyödyntäminen jatkossa 

Tiedon omistuksen määrittely 

 

Tiedon julkaisemisen taso / Open data  
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APPENDIX 2. QUESTIONNAIRE FOR INFORMATION FLOW QUALITY 

DIMENSIONS (IN FINNISH) 

  

Keneltä
Kenelle

Tietovirta
Järjestelm

ä

Toim
itus-

kanava
M

uoto

Saavutettava

Täydellinen

Jatkokäytettävä

Turvallinen

Ajantasainen

Määrämuotoinen

Tulkittava

Ymmärrettävä

Oikeamääräinen

Ytimekäs

Relevantti

Oikeellinen

Luotettava

Saavutettava

Täydellinen

Jatkokäytettävä

Turvallinen

Ajantasainen

Määrämuotoinen

Tulkittava

Ymmärrettävä

Oikeamääräinen

Ytimekäs

Relevantti

Oikeellinen

Luotettava

Selite/lisätiedot

Kunnat
LIVI

Konsultaatio häiriöihin
SharePoint

Sähköposti
W

ord/pdf
x

x
x

x
x

x
x

x
x

x
x

x
x

jos tunnistettavia kehitystarpeita, niin m
erkataan ja tarvittaessa kerrotaan tänne tarkem

m
in

ELY
LIVI

Konsultaatio häiriöihin
SharePoint

Sähköposti
W

ord/pdf
x

x
x

x
x

x
x

Esim
erkkinä "ei kehitystarpeita", ELY-keskus toim

ittaa jo nyt riittävän täydellistä m
ateriaalia verrattuna kuntiin

LIVI
Skanska

Tiesuunnitelm
a

LIVI
Skanska

Aikatauluraam
i

LIVI
Skanska

Reklam
aatiot

LIVI
Skanska

Turvallisuusasiakirjat

LIVI
Skanska

Laatuvaatim
ukset

LIVI
Skanska

Konsultaatio häiriöihin

LIVI
Suunnit.

Tiesuunnitelm
a

LIVI
Suunnit.

Turvallisuusasiakirjat

LIVI
Suunnit.

Laatuvaatim
ukset

LIVI
ELY

Häiriöt

LIVI
Kunnat

Häiriöt

Suunnit.
Skanska

Rakennussuunnitelm
a

Suunnit.
Skanska

Reklam
aatiot

Suunnit.
LIVI

Rakennussuunnitelm
a

Suunnit.
LIVI

Laskut

Skanska
M

at.t.
Tarjouspyynnöt

Skanska
M

at.t.
M

ateriaalin toim
itusaikataulut

Skanska
M

at.t.
Reklam

aatiot

Skanska
M

at.t.
Työturvallisuussuunnitelm

at

Skanska
M

at.t.
Laatusuunnitelm

at

Skanska
Aliurak.

Rakennussuunnitelm
a

Skanska
Aliurak.

Tarjouspyynnöt

Skanska
Aliurak.

Rakentam
isen aikataulut

Skanska
Aliurak.

Reklam
aatiot

Nykytila
Haluttu



101 

 

APPENDIX 3. PEOPLE INTERVIEWED (IN FINNISH) 

 

Nimi Asema Yritys Paikka Kesto 

AV Projekti-

insinööri 

Skanska Infra Oy Projekti-

toimisto 

39 min 

PV Työmaa-

päällikkö 

Skanska Asfaltti 

Oy 

Skype 33 min 

HT Mittaus-

päällikkö 

Skanska Infra Oy Projekti-

toimisto 

40 min 

KW Alue-

vastaava 

Skanska Infra Oy Projekti-

toimisto 

29 min 

HL Projekti-

päällikkö 

Liikennevirasto Liikenne-

virasto 

57 min 

LK Työmaa-

insinööri 

Skanska Infra Oy Projekti-

toimisto 

47 min 

PR Työ-päällikkö Keski-Suomen 

Tierakenne Oy 

Projekti-

toimisto 

33 min 

KK Projekti-

koordinaattori 

Pöyry Finland Oy Projekti-

toimisto 

59 min 

HM & TT Tienpidon 

asiantuntija, 

liikenne-

järjestelmä-

asiantuntija 

Kaakkois-Suomen 

ELY-keskus 

Yliopisto 65 min 
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APPENDIX 4. KETJU-TABLE (IN FINNISH) 
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APPENDIX 5. INFORMATION AND KNOWLEDGE FLOWS BETWEEN 

DIFFERENT ACTORS (IN FINNISH) 

 

Keneltä Kenelle Tietovirta 

Kunnat LIVI Konsultaatio häiriöihin 

ELY LIVI Konsultaatio häiriöihin 

LIVI Skanska Tiesuunnitelma 

LIVI Skanska Aikatauluraami 

LIVI Skanska Reklamaatiot 

LIVI Skanska Turvallisuusasiakirjat 

LIVI Skanska Laatuvaatimukset 

LIVI Skanska Konsultaatio häiriöihin 

LIVI Suunnit. Tiesuunnitelma 

LIVI Suunnit. Turvallisuusasiakirjat 

LIVI Suunnit. Laatuvaatimukset 

LIVI ELY Häiriöt 

LIVI Kunnat Häiriöt 

Suunnit. Skanska Rakennussuunnitelma 

Suunnit. Skanska Reklamaatiot 

Suunnit. LIVI Rakennussuunnitelma 

Suunnit. LIVI Laskut 

Skanska Mat.t. Tarjouspyynnöt 

Skanska Mat.t. Materiaalin toimitusaikataulut 

Skanska Mat.t. Reklamaatiot 

Skanska Mat.t. Työturvallisuussuunnitelmat 

Skanska Mat.t. Laatusuunnitelmat 

Skanska Aliurak. Rakennussuunnitelma 

Skanska Aliurak. Tarjouspyynnöt 

Skanska Aliurak. Rakentamisen aikataulut 

Skanska Aliurak. Reklamaatiot 

Skanska Aliurak. Työturvallisuussuunnitelmat 

Skanska Aliurak. Tekninen työsuunnittelu 
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Skanska Aliurak. Laatusuunnitelmat 

Skanska Suunnit. Kustannustiedot ratkaisuista 

Skanska Suunnit. Target-tieto 

Skanska Suunnit. Suunnitteluaikataulu 

Skanska Suunnit. Reklamaatiot 

Skanska LIVI Kustannustiedot ratkaisuista 

Skanska LIVI Laskut 

Skanska LIVI Tarke-tieto 

Skanska LIVI Materiaalitodistukset 

Skanska LIVI Häiriöt 

Skanska LIVI Reklamaatiot 

Skanska LIVI Laatusuunnitelmat 

Skanska LIVI Valokuvaus laadun seurantaan 

Skanska LIVI Työmaan etenemisen raportointi 

Skanska LIVI Loppudokumentaatio 

Skanska ELY Loppudokumentaatio 

Skanska Kunnat Loppudokumentaatio 

Skanska Verov. Työntekijätiedot, tunnit ja palkat 

Aliurak. Mat.t. Tarjouspyynnöt 

Aliurak. Skanska Tarjoukset 

Aliurak. Skanska Määrätiedot 

Aliurak. Skanska Laskut 

Aliurak. Skanska Tarke-tieto 

Aliurak. Skanska Materiaalitodistukset 

Aliurak. Skanska Tarkan tason aikataulutieto 

Aliurak. Skanska Häiriöt 

Aliurak. Skanska Reklamaatiot 

Aliurak. Skanska Laatusuunnitelmat 

Aliurak. Skanska Valokuvaus laadun seurantaan 

Aliurak. Skanska Työtunnit 

Aliurak. Skanska Työmaan etenemisen raportointi 

Aliurak. Skanska Kuormakirjat 

Aliurak. Suunnit. Poikkeavat pohjaolosuhteet 
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Mat.t. Aliurak. Tarjoukset 

Mat.t. Aliurak. Laskut 

Mat.t. Aliurak. Materiaalitodistukset 

Mat.t. Aliurak. Määrä- ja laatutieto 

Mat.t. Skanska Tarjoukset 

Mat.t. Skanska Laskut 

Mat.t. Skanska Materiaalitodistukset 

Mat.t. Skanska Määrä- ja laatutieto 

Mat.t. Skanska Kuormakirjat 

      

 

 


