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Abstract. Boundary spanning systemic innovations such as building infor-

mation modeling (BIM) are difficult to implement. Literature suggests that ver-

tical integration facilitates the implementation of systemic innovations. This 

study examines the role of vertical integration in the implementation of BIM as 

an example of a systemic innovation. It analyzes and compares two opposite 

case studies from the Finnish construction industry including a vertically inte-

grated and a vertically disintegrated project networks. The findings propose that 

there are seven structurally relevant factors in BIM implementation; (1) man-

agement support, (2) coordination and control, (3) learning and experience, (4) 

technology management, (5) communication, (6) motivation, and (7) defining 

roles. Moreover, there are not only advantages but also disadvantages from ver-

tical integration related to each of these implementation factors. Thus, in order 

to achieve as smooth and successful implementation as possible, managers 

should understand the impact of the network structure and plan the BIM im-

plementation projects accordingly. 
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1 Introduction 

Systemic innovations, such as building information modeling (BIM), that span over 

several organizational boundaries are extremely difficult to implement. As opposed to 

autonomous innovations that can be introduced as such without any major changes to 

the rest of the business system, systemic innovations require significant adjustments 

in other parts of the business system in order to be implemented successfully [1-3]. 

Many researchers have suggested that vertical integration (VI) facilitates the imple-

mentation of systemic innovations [1,4-7]. VI refers to a combination of several or all 

functions in the value chain under a single firm [8]. 

BIM is broadly a set of interacting policies, processes, and technologies generating 

a methodology to manage the essential building design and project data in digital 



format throughout the life cycle of a building between different stakeholders [9,10]. 

The acronym BIM can be used to refer to a product (building information model, a 

structured dataset describing a building), an activity (building information modeling, 

the act of creating a building information model), or a system (building information 

management, the business structures of work and communication that increase quality 

and efficiency) [11]. Over the years, other terms for BIM have also been used, such as 

building product modeling, product data modeling or virtual design and construction 

(VDC) [9,12]. In this study, BIM is defined broadly as a process and technology and 

the acronym refers to the term building information modeling as it seems to be gain-

ing popularity in both industrial and academic circles [10]. 

BIM has been expected to bring significant improvements in the productivity of the 

construction industry since the 1980’s but the implementation has been slower and 

more difficult than expected, largely due to its interorganizational and systemic nature 

[7,13-15]. At the same time, there has been an emerging trend of VI in the construc-

tion industry globally [16]. This paper aims to shed more light on the connection be-

tween BIM implementation and the organizational structure. The research question of 

this study is: what are the advantages and possible disadvantages of vertical integra-

tion in the implementation of BIM as an example of a systemic process innovation? 

The empirical research of this study is based on a qualitative comparison of two 

opposite case studies from the Finnish construction industry; a vertically disintegrated 

project network and a vertically integrated project network. Both case studies includ-

ed a single construction project in which BIM was being implemented. The qualita-

tive data consists of project documentation, interviews, and observations. A theoreti-

cal model of the advantages and disadvantages of VI was first constructed based on 

the literature review. The model was later tested with the empirical data and refined 

into an improved model based on the analysis. Based on the findings, there are seven 

structurally relevant factors in BIM implementation with not only advantages but also 

disadvantages from VI. Thus, in order to achieve as smooth and successful implemen-

tation as possible, managers should understand the impact of the network structure 

and plan the BIM implementation projects accordingly. 

2 Advantages and Disadvantages of Vertical Integration in the 

Implementation of Systemic Innovations 

The literature on the advantages and disadvantages of VI was found on the general 

level and in the contexts of systemic innovations and the construction industry. Simi-

larly, the literature related to the implementation of systemic innovations was found 

from three perspectives; the general implementation of organizational change, the 

implementation of collaborative technologies as an example of systemic process in-

novations, and the implementation of systemic innovations in the construction indus-

try. A theoretical model was constructed as a synthesis of the literature review includ-

ing these both perspectives. The constructed model consisted of six structurally rele-

vant implementation factors which were (1) management support, (2) coordination 

and control, (3) learning and experience, (4) technology management, (5) communi-



cation, and (6) motivation. Each of these implementation factors included both ad-

vantages and disadvantages from VI. 

First factor, management support, emerged from the frameworks of Salminen [17] 

and Munkvold [18] which highlighted the importance of the management support for 

providing legitimacy for the implementation and gaining access to critical resources. 

The management support as such did not directly occur in the advantages and disad-

vantages of VI, however, as VI enables better control and coordination over several 

integrated units [19-21], top management support over all these units is easier. Ma-

honey [21] also brings up the benefit of audit and resource allocation in vertically 

integrated firms which relates to the more effective allocation of necessary resources 

between integrated units [17,18]. As a disadvantage, the extension of the management 

team and differing managerial requirements could lead to diverse management sup-

port over different integrated units and hinder the implementation [8,19]. 

Second factor, coordination and control, occurred often in the literature on the ad-

vantages and disadvantages of VI. Similarly, coordination and control activities are 

focal factors in implementation and change management. The advantages of VI are 

easier management of changing liability and contractual issues as there is no need to 

negotiate contracts [15,20,22], the ability to make adaptations, adjustments, and redis-

tribution of work timely and efficiently [1,4,15,23,24], and more stable relationships 

of different units which reduces uncertainty, boundary strength and enable the utiliza-

tion of efficient processes [7,15,19,23-25]. The disadvantages are the inflexibility to 

change partners or processes when needed [8,19,20,23,24], broad management with 

differing managerial requirements which may be difficult to coordinate and control 

[8,19,21], and the fact that systemic innovations may be too complex and large to 

manage under a single integrated firm [2,3]. 

Third factor, learning and experience, emerged from the literature of systemic in-

novations and the project-based construction industry. As a systemic process innova-

tion is a collection of interconnected innovations related to the boundary spanning 

working practices of the whole business system, it cannot be implemented at once. 

Thus, in a project-based context the implementation occurs over several projects. 

Therefore, cumulative learning and experience is pivotal in the successful implemen-

tation of systemic process innovations. The advantages of VI are faster proceeding of 

learning and experience between integrated units [6,26], the cumulative learning 

through the possibility to transfer the same organization and expertise from one pro-

ject to another which reduces the organizational variety [7,23,24], and the facilitation 

of feedback loops and cross-pollination of ideas between different units [15,23,24]. 

The disadvantage is that VI may prevent access to external research, know-how, and 

relevant capabilities related to the systemic process innovation [1,8,20,22]. 

Fourth factor, technology management, is derived from the frameworks of 

Munkvold [18] and Taylor [15]. Others have also mentioned the improved technolog-

ical intelligence being related to VI [1,8,20,22]. The advantages of VI are the ability 

to ensure the interoperability of technology between integrated units and compatibil-

ity with existing technologies by selecting specific systems and software platforms 

[15,18], the possibility to experiment with technology between integrated units [15], 

and the possibility to establish shared supportive infrastructure, guidelines, and feed-



back mechanisms for all integrated units [18,27]. The disadvantages are that VI may 

prevent the firm from perceiving technological advances related to the systemic pro-

cess innovation in the market [1] or some relevant technological capabilities needed 

in the systemic process innovation may exist outside of the integrated firm [22]. 

Fifth factor, communication, emerged from the frameworks of Salminen [17] and 

Munkvold [18] in which the information sharing between all participants was empha-

sized. At the same time, communication was highly emphasized in the context of 

systemic innovations where a complete open exchange of information between differ-

ent participants is essential. The advantages of VI are faster and more accurate infor-

mation flow between integrated units [1,8], the easier and safer exchange of infor-

mation between integrated units [28], and more efficient communication through an 

internal coding system that can develop in integrated environment [21]. The disad-

vantage is the possible communication distortion which may be accidental or deliber-

ate and arises from the increased hierarchical levels and spans of control [21]. 

Finally sixth factor, motivation, occurred in several implementation frameworks. 

To achieve successful implementation, different participants need to be motivated to 

implement and use the systemic innovation at hand. Salminen [17] also specified the 

need for change and goal setting as separate success factors which are closely related 

to motivation. The advantages of VI are the development of trust, solidarity, and 

communal spirit between integrated units [21], and the ability to understand shared 

interests and holistic goals which can motivate units that do not directly benefit from 

the systemic innovation [15]. The disadvantage is that the absence of internal compe-

tition decreases the overall motivation to change and implement new technologies [8]. 

3 Methodology and Data 

The empirical research of this study is based on a comparison of two opposite case 

studies from the Finnish construction industry. The first case study was a unique uni-

versity building project designed and constructed by a vertically disintegrated project 

network between 2003 and 2006. The second case study was a typical residential 

building project designed and constructed between 2007 and 2010 by a vertically 

integrated project network in which the owner, all the designers, and the main con-

tractor were from the same organization. 

The qualitative data consisted of project documentation, interviews, and observa-

tions. The project documentation was used as a basis for preparing for the interviews. 

The interviews included both single and group interviews. Overall, 46 individuals 

from 13 different organizations participated in the interviews. After the interviews, 

three full-day process simulation events were held to further validate the results. Al-

together 66 individuals from 14 different organizations participated in the process 

simulation events. In addition to the empirical data from the project documentation 

and the interviews, these simulation events provided a rich source of observation data. 

The empirical data were analyzed by using the constructed theoretical model. The 

model provided the categories for data coding and classification. The data reduction 

and analysis consisted of three phases. In the first phase, the transcribed data were 



gone through line by line by highlighting all the organizational structure related 

quotes concerning the BIM implementation. This resulted in total 148 quotes from the 

both case studies. At this phase, these quotes were also given a descriptive label. In 

the second phase, the collected quotes were classified with the six implementation 

factors in the constructed theoretical model. After the classification, there was a group 

of 12 quotes that did not fit into any of the six implementation factors. This group 

formed an additional implementation factor to the refined model. In the final phase of 

the analysis, the quotes under each implementation factors were compared with the 

pros and cons of VI in the constructed theoretical model. The conclusions were drawn 

based on the comparison. 

4 Findings 

The findings of this study propose that there are seven structurally relevant factors in 

BIM implementation; (1) management support, (2) coordination and control, (3) 

learning and experience, (4) technology management, (5) communication, (6) motiva-

tion, and (7) defining roles. There are also both advantages and disadvantages of VI 

related to each of these implementation factors. 

The few findings related to the management support did not support the two ad-

vantages in the model, and thus further research is needed. These were the top man-

agement support over several integrated units at once, and the effective allocation of 

resources between integrated units. The findings supported the disadvantage whereby 

the broad management with differing managerial requirements may lead to diverse 

support over different units. But instead of differing managerial requirements, the 

different types of people as managers and varying economic situations of different 

integrated units emerged to be the sources of diverse management support which may 

have negative implications for the overall implementation of BIM. 

The findings regarding the coordination and control supported the advantages re-

lated to the easier management of changing liability and contractual issues, and the 

ability to make adaptations, adjustments, and redistribution of work in a timely and 

efficient fashion which is facilitated especially by the shared location. The findings, 

however, did not support the advantage of stable relationships. Regarding the disad-

vantages, the findings supported all three disadvantages in the model except the in-

flexibility to change processes. Regarding the broad management, the findings high-

lighted the diverse geographical locations as a source of coordination and control 

difficulties. Finally, as BIM spans more broadly than just within the vertically inte-

grated firm, both internal and external implementation need to be taken into account 

which makes the implementation more complex for vertically integrated firms. 

In learning and experience, the findings supported all the advantages and the dis-

advantage in the model. Especially the advantage of cumulative learning and the dis-

advantage of not accessing relevant capabilities were highlighted. The findings did 

not provide any new perspective to the model regarding the learning and experience. 

The findings related to the technology management supported all the advantages of 

VI in the original model. These were ensuring the interoperability through joint selec-



tion of software, experimenting with technology, and establishing shared supportive 

infrastructure. The findings, however, did not support the two disadvantages which 

stated that technological capabilities may exist outside, or that VI may prevent from 

perceiving technological advances in the market. These would require further re-

search. In addition, the findings introduced an additional disadvantage of VI which 

was stiffness and slowness of a centralized IT department and bureaucracy. The ina-

bility to make quick adjustments in the IT environment of a vertically integrated firm 

may hinder the implementation of BIM. 

In communication, the findings supported the advantages related to the faster and 

easier exchange of information between the integrated units but highlighted the shared 

location as a source. The findings, however, did not support the more efficient com-

munication through a developed internal coding system. The findings also supported 

the disadvantage of increased hierarchical levels and spans of control which may lead 

to accidental or even deliberate communication distortion. Here, accidental communi-

cation distortion may arise because communication is taken for granted in a vertically 

integrated firm. Similarly, deliberate communication distortion may arise from “sib-

ling envy” caused by the independence of different integrated units. 

The findings regarding the motivation supported only the advantage of understand-

ing the shared interests and holistic goals. The advantage of developing trust and soli-

darity, and the disadvantage of absent internal competition were not supported by the 

empirical data. The emergence of new work and the need to redistribute work in BIM 

implementation may cause conflicts of interests between different participants, and 

thus, decrease motivation. This issue seems to be easier to handle in a vertically inte-

grated firm as understanding the shared interests and holistic goals can motivate those 

integrated units that do not directly benefit from BIM. 

The findings also introduced the seventh additional structurally relevant factor that 

was not in the original model; defining roles. As an advantage, it is easier to define 

and fulfill the new roles needed in BIM implementation from the holistic perspective 

in a vertically integrated project network. The disadvantage is, however, that “buck 

passing” may emerge in vertically integrated firm which means that everything relat-

ed to the implementation may be pushed to the new role, and thus, hindering the im-

plementation. 

5 Conclusions 

The findings of this study introduced seven structurally relevant implementation fac-

tors with related advantages and disadvantages of vertical integration. These factors 

are (1) management support, (2) coordination and control, (3) learning and experi-

ence, (4) technology management, (5) communication, (6) motivation, and (7) defin-

ing roles. The findings related to the advantages and disadvantages in these factors 

both reinforced the previous knowledge and provided new knowledge to the field. 

Mainly, this study confirms that in addition to the expected benefits from VI in BIM 

implementation there are also many disadvantages from VI that may greatly hinder 

the implementation efforts. Some of the advantages and disadvantages in the original 



theoretical model could not be confirmed in the study but these could not, however, 

be challenged by the empirical data either, and therefore, they were kept in the im-

proved theoretical model. In order to determine the significance of these unconfirmed 

issues, further research is needed. 

According to the findings, the organizational structure of the project network does 

affect the implementation of BIM in both positive and negative ways. More specifi-

cally, vertically integrated project network has its advantages and disadvantages dur-

ing the BIM implementation. Both advantages and disadvantages need to be taken 

into account in order to be able to implement BIM more smoothly and successfully at 

least in a vertically integrated project network. Thus, managers should understand 

how the network structure of their company and project network could influence the 

implementation efforts and embrace the advantages and try to overcome the disad-

vantages when implementing BIM and possibly other systemic process innovations. 

There are some limitations to this study. First of all, the study investigated only 

two project networks and two separate implementation projects in the construction 

industry. The two opposite project networks, however, provided good insights into the 

focus of this study. However, more case studies targeting on different project net-

works and even other kinds of systemic innovations is needed. Second, some of the 

elements in the theoretical model could not be confirmed in the cases as they would 

have required more longitudinal research. As the overall BIM implementation re-

quires several successive implementation projects, a further examination of succes-

sive projects within these same project networks might introduce interesting new 

insights to the model. Finally, the case studies were from the Finnish construction 

industry, and thus, the findings may not be generalizable to other countries. For ex-

ample, the different industrial structures or cultural differences could affect the find-

ings. Addressing these limitations would improve the generalizability of the findings. 
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