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Abstract

The expectations on digitalization and Building Information Modeling (BIM) in the
Architectural, Engineering and Construction (AEC) are high. The high expectations are
reflected in an increasing interest in both practice and research for the business value of BIM.
A rational and positivistic understanding of the business value of BIM promoted by
commercial industry actors characterizes the understanding of its content and perspective.
This thesis aims to reflect on, problematize and extend the theoretical understanding of the
content and perspective of the business value of BIM. In pursuing the aim, perceptions of the
business value of BIM, the associated challenges and costs and the role of the business of
BIM in a wider socio-technical context are examined among Swedish AEC industry actors,
international AEC industry actors and a large Swedish public infrastructure client.

By combining the rational and process-oriented theories on the business value of IT with the
more interpretive and hermeneutic socio-technical systems theory, a social and cognitive
dimension can be added to the understanding of the content and perspective of both the
business value of BIM and of the business value of IT. The two theories share a common
theoretical base in the open systems theory but differences in their conceptualization and
perspective of IT. These may complement each other when being combined and allow for a
reflection, problematization and extension of content and perspective of business value.

By combining the two research fields and contributing with the socio-technical perspective,
this thesis contributes with theory development of the understanding of the content and
perspective of both the business value BIM in AEC research and the business value of IT in
IS research. The extended understanding of the business value of BIM ("the extended business
value of BIM") consists of adding a social and cognitive dimension to the understanding of
the business value that also regards how individuals™ attitudes, beliefs and expectations
interplay with technology and with their perceptions of business value. It also consists of a
distinction between perceptions of desired outcomes and actual outcomes, an understanding
of also the associated challenges and costs and an emphasis on project progress rather than
project outcome. The findings have practical implications for project managers, managers and
policy makers that implement BIM and show the complex, multi-dimensional and challenging
aspects of implementing BIM for business value.

The journey of perspectives in this thesis from optimism towards increased interpretivism also
sheds light on the implications of different perspectives exerting power and influence on a
research field (hegemony) and wishes to provide a contrast and balance to the rational and
positivistic perspectives on BIM in research. This journey of perspectives also wishes to
inspire and motivate future BIM research to broaden the theoretical perspectives.



Sammanfattning

Forvatningarna pa digitalisering och Byggnadsinformationsmodellering (BIM) éar hdga inom
samhallsbyggnadssektorn. De hdga forvatningarna reflekteras i ett 6kande intresse for
affarsnyttan av BIM okat bland bade praktiker och forskare. Ett rationellt och optimistiskt
perspektiv karaktariserar idag forstalsen av dess innehall och perspektiv. Denna avhandling
syftar till att reflektera dver, problematisera och utoka forstaelsen av innehall och perspektiv
av affarsnyttan av BIM. Den upplevda affarsnyttan av BIM, de associerade utmaningarna och
kostnaderna och rollen av affarsnyttan av BIM i ett bredare socio-tekniskt perspektiv
undersoks bland aktorer i den svenska och internationella samhéllsbyggandssektorn samt hos
en stor svenskt offentlig bestéllare av infrastruktur.

Genom att kombinera de rationella och process-orienterade teoriner i business value of IT
med den mer hermeneutiska socio-technical systems teorin bidrar avhandlingen med en social
och kognitiv dimension till forstaelsen av innehall och perspektiv av bade affarsnyttan av
BIM och affarsnyttan av IT. De tva teorierna delar en gemensam teoretisk bas i 6ppna
system, men skiljer sig i sin konceptualisering och perspektiv av IT. Den &r just dessa
skillnader och den gemensamma grunden i 6ppna system som nar de kombineras kan
komplettera varandra och mojliggora for en reflektion, problematisering och utbyggnad av
forstaelsen av innehall och perspektiv av affarsnytta

Genom att kombinera dessa tva forskningsfalt och bidra med det socio-tekniska perspektivet
bidrar denna avhandling med teoriutveckling av den teoretiska forstaelsen av innehall och
perspektiv av bade affarsnyttan av BIM och affarsnyttan av IT. Den utokade forstaelsen av
affarnyttan av BIM ("den utokade affarsnyttan av BIM") bestar av en adderad social och
kognitiv dimension som inkluderar hur individers attityder, installningar och upplevelser
interagerar med teknologin och med deras uppfattning av affarsnyttan av BIM. Den bestar
ocksa av en distinktion mellan énskvarda framtida nyttor och faktiska realiserade nyttor, en
forstaelse for ocksa de associerade kostnaderna och utmaningarna samt en betoning pa
affarsnytta i termer av projektstod snarare an projektresultat. For praktiker sasom
projektledare, chefer och beslutsfattare belyser avhandlingen de komplexa, multi-
dimensionella och utmananande aspekterna med att implementera BIM for affarsnytta.

Resan i perspektiv fran positivism och rationalism mot okad interpretivism i avhandlingen
belyser ocksa implikationerna av hur olika perspektiv far inflytande over ett forskningsfalt
(hegemoni) och dnskar bidra med en kontrast och balans till det rationella och positivistiska
perspektivet i BIM forskning. Det ar ocksa forhoppningen att avhandlingens resa i perspektiv
kan inspirera framtida forskning pa BIM att vidga de teoretiska vyerna.
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1. Introduction

1.1 The role of digitalization and Building Information Modelling

The Architectural, Engineering and Construction (AEC) industry plays an important role in
economies and societies throughout the world. But the fragmented and project-based industry
also creates challenges in productivity (Yang 2012), learning (Hartenberger et al 2013) and
innovation and change (Scarbrough et al 2004, Kokkonen and Alin 2016). At the same time,
the industry is experiencing an era of digitalization in which Building Information Modelling
(BIM) is promoted as a solution to the industry’s challenges (Succar 2009, Crotty 2013). The
expectations on BIM for an increased efficiency and innovation in the AEC industry are high
in both practice and research and are reflected in strategic innovation programs such as Smart
Built Environment (Vinnova 2016).

Consequently, research on BIM has been conducted from mainly technical, rational and
process-oriented perspectives including studies on, for example, standardization and
classification (Volk et al 2014) and benefits and application areas of BIM (Barlish and
Sullivan 2012, Bryde et al. 2013). The organizational perspective has gained increasing
attention and includes studies on, for example, BIM implementation barriers related to
competence and skills (Méki and Kerosuo 2015), roles and decision-making power (Gu and
London 2010) and attitudes towards new technology (Davies and Harty 2013). Recently, there
have also been calls in research for studies that also apply more reflective and critical
perspectives to understand BIM and that reflect on the technical and rational perspectives that
prevail in the theoretical understanding of BIM in research (Fox 2009, Fox 2014, Dainty et al
2015, Miettinen and Paavola 2014, Yalcinkaya and Singh 2015).

1.2 Anincreasing interest for the business value of BIM

The high expectations on BIM are also reflected in an increasing interest for the term business
value of BIM. Although the term business value is not new and has been extensively
researched in Information Systems (IS) research (e.g. Mooney et al 1996, Melville et al 2004,
Kohli and Grover 2008), the term was first introduced to the AEC industry context by
industry actors with commercial interest in promoting an increased use of BIM (McGraw-Hill
in cooperation with funding partners including BIM software suppliers and BIM consultants).
In their reports, McGraw-Hill (2009, 2010, 2012) promote the benefits and application areas
of BIM based on surveys to their funding partners’ BIM users. The term business value of
BIM is characterized by a bias towards rationalism and positivism, yet at the same time
remains vague and unclear. For example, the business value of BIM is described in terms of a
variety of concepts, ranging from overall value, internal benefits, business benefits, business
value to player value, and includes a wide range of estimates (see McGraw-Hill 2009, 2010,
2012). Moreover, the circumstances surrounding the business value of BIM, such as enablers



and challenges, are overlooked. In the few cases where obstacles to business value are
mentioned, they are presented as obstacles that “limit the ability to realize better results” and
are later referred to as “top ways to improve BIM, business value, business benefits” etc. The
obstacles also relate more to external market conditions (e.g. lack of interoperability between
software applications) than to any challenges of the actual BIM implementation itself. There
is no further reflection on or problematization of the business value of BIM and the related
challenges. Yet, the reports and the business value of BIM have received much attention in
both practice (e.g. in BIM Task Group 2012) and research (e.g. in Succar 2009, Becerik-
Gerber and Rice 2010, Barlish and Sullivan 2012, Eadie et al 2013).

1.3 Why develop a theoretical understanding of the business value of
BIM?

The lack of a reflection on and problematization of the business value of BIM in McGraw-
Hill (2009, 2010, 2012) is not unexpected given that the reports were created with a
commercial interest of promoting an increased use of BIM. However, this positively biased
understanding of the business value of BIM promoted by commercial industry actors seems to
have gained power and influence (hegemony) on AEC research (Bourdieu 1991). The reports
(McGraw-Hill 2009, 2010, 2012) have been widely used by and gained large influence on
AEC researchers (e.g. Succar 2009, Becerik-Gerber and Rice 2010, Barlish and Sullivan
2012, Eadie et al 2013). In total, the reports have gained over 400 research citations. The
reports have also been used by AEC researchers in a manner that equivalents them with
academic research and there has been no consideration or reflection of the origin and purpose
of the reports. The researchers that draw on the positively biased understanding of the
business value of BIM (e.g Succar 2009, Barlish and Sullivan 2012) have in turn gained large
influence on AEC research. Moreover, despite the increasing interest in both practice and
research for the business value of BIM and the available body of knowledge on the business
value of IT from IS research, there has been no theoretical understanding of the business
value of BIM. Thus, there is a need for developing a theoretical understanding of the business
value of BIM that not only increases the understanding of the term and its implications for
practice and research but that also reflects on, problematizes and extends the current rational
and positivistic understanding of its content and perspective. This thesis aims to fill this gap.

IS research has developed a theory of the business value of IT and an understanding of the
implications of the business value of IT for business development, organizational strategies,
competence development and management practices on multiple levels including the firm,
industry and economy level (Mooney et al 1996, Melville et al 2004, Kohli and Grover 2008,
Cao 2010). The business value of IT has also been understood as the organizational factors
and capabilities that are important for business value creation related to strategizing,
developing business processes, competencies and skills and that may have financial,



operational and strategic impacts (Melville et al 2004, Kohli and Grover 2008, Cao 2010,
Grover and Kohli 2012). The understanding of the business value of IT has been developed
from drawing on both rational and business-oriented theories (e.g. microeconomics, the
theory of the firm and the resource-based view of the firm) and organizational and process-
oriented theories (e.g. contingency theory and organizational behavior theory) (Kohli and
Grover 2008, Cao 2010, Grover and Kohli 2012).

Drawing on the theory of business value of IT may thus provide valuable insights for
developing both a theoretical understanding of the business value of BIM and an
understanding of its practical implications on competence development, strategizing, business
models and decision making in the AEC industry. It may also allow for extending the current
narrow and positive understanding of the business value of BIM which has been promoted by
commercial AEC industry actors. By complementing the theoretical understanding of the
business value of IT with a different theoretical perspective, such as the socio-technical
perspective, the understanding of the content and perspective of business value of BIM may
be further reflected on, problematized and extended.

1.4 Aim and research questions

This thesis aims to reflect on, problematize and extend the theoretical understanding of the
content and perspective of the business value of BIM. To fulfil the aim, the thesis combines
the theory of the business value of IT, including the IT Business Value Model by Melville et
al (2004) with the socio-technical systems theory, including the Extended Technology
Acceptance Model (TAMZ2) by Venkatesh and Davis (2000) and the Social Construction of
Technology (SCOT) by Pinch and Bijker(1984).

The theory of the business value of IT (e.g. the IT Business Value Model by Melville et al
2004) is helpful for extending the understanding of the content and perspective of the business
value of BIM as it not only understands the business value as the economic impact of IT on
organizational performance, but also as the organizational factors and capabilities that enable
and challenge the creation of business value related to strategizing, business development,
competencies and skills and management practices (Melville et al 2004, Kohli and Grover
2008, Cao 2010). Thus, the following research questions are pursued:

RQ1: How is the business value of BIM perceived in the AEC industry?

RQ2: What factors are perceived as enablers of and challenges to the perceptions of the
business value of BIM?

Drawing on the socio-technical systems theory (TAM2 by Venkatesh and Davis 2000 and
SCOT by Pinch and Bijker 1984) supports a further reflection and problematization of the



currently positively biased understanding of the content and perspective of the business value
of BIM in AEC research. The socio-technical systems theory combines the technical system
with the social system and accounts for the impact of individuals, groups and networks.
Combining the theory of the business value of IT with a socio-technical systems theory is
important as IS research studying the relationship between IT and organizational performance
has tended to overlook the socio-technical perspective and socio-technical systems theories
(Orlikowski and lacono 2001, Benbasat and Zmud 2003, Lee et al 2008). There has also been
several calls in AEC research for a need to expand the theories and perspectives used to
understand BIM from the rational and technical perspectives to more reflective and critical
perspectives (Fox 2009, Fox 2014, Dainty et al 2015, Miettinen and Paavola 2014,
Yalcinkaya and Singh 2015) including the socio-technical perspective (Davies and Harty
2013, Sackey et al 2014, Miettinen and Paavola 2014). Thus, there is not only a need for
reflecting on the theoretical understanding of the content and perspectives of the business
value of BIM, but to also what content and perspectives that dominate the theoretical
understanding of BIM in AEC research and how these also impact the understanding of the
business value of BIM:

RQ3: How may a dominating technical perspective in current BIM research impact the
understanding of the business value of BIM?

In response to the calls in AEC research for broadening the perspective of BIM from
technological determinism (assuming technology shapes human actions and behaviors and
drives social structures and cultural values) towards social constructivism (recognizing that
human actions and behaviors also shape the use of technology and drive social structures and
cultural values) (e.g. Sackey et al 2014, Miettinen and Paavola 2014), a final research
question is pursued. In order to reflect on, problematize and extent the theoretical
understanding of the content and perspective of the business value of BIM, this thesis will
also study the business value of BIM from a wider socio-technical perspective:

RQ4: What is the role of business value of BIM in a wider socio-technological context?

IS research also emphasizes the co-creation of business value and the need for inter and inter
organizational collaboration and change (Melville et al 2004, Kohli and Grover 2008, Grover
and Kohli 2012). The fragmented, complex and highly interdependent nature of the AEC
industry suggests that there is a need for studying the business value of BIM from a multi-
perspective including the perspectives of several actors and disciplines. One important actor
in the AEC industry is the public client which is described as a change agent in the industry
through its ability to make demands on the AEC industry actors via procurement (Linderoth
2010, Porwal and Hewage 2013, Wong et al 2011, Bosch-Seijtsema et al 2017).Thus, the
research questions in this thesis will be explored from a national industry-wide perspective



including contractors, consultants and owners in the Swedish AEC industry (Paper 1 and
Paper 2), an international industry-wide perspective including architects, contractors, owners,
fabricators and educators in the international AEC industry (Paper 3) and from the important
client perspective including a large Swedish public infrastructure client (Paper 4 and Paper 6).
See Table 1.

Research questions Examined in papers

RQ1: How is the business value of BIM

perceived in the AEC industry? Paper 1 | Paper2 | Paper3 | Paper 4

RQ2: What factors are perceived as enablers
of and challenges to the perceptions of the Paper 2 | Paper 3 | Paper 4
business value of BIM?

RQ3: How may a dominating technical
perspective in current BIM research impact the Paper 5
understanding of the business value of BIM?

RQ4: What is the role of business value of

BIM in a wider socio-technological context? Paper 6

Table 1.Research questions

1.5 Relevance and theoretical contribution

In order to extend the theoretical understanding of the content and perspective of the business
value of BIM, this thesis combines the theory of the business value of IT (e.g. the IT Business
Value Model by Melville et al 2004) with the socio-technical systems theory (e.g. TAM2 by
Venkatesh and Davis 2000 and SCOT by Pinch and Bijker 1984). The content and perspective
of the business value of BIM is first understood from the theory of the business value of IT
including the IT Business Value Model (Papers 1 — 4). The content and perspective of the
business value of BIM, and of the business value of IT in IS research, is further reflected on
and extended by drawing on the socio-technical systems theory including TAM2 and SCOT
(Papers 5 — 6). By combining these two theories and adding the lacking socio-technical
perspective (Orlikowski and lacono 2001, Benbasat and Zmud 2003, Lee et al 2008, Sackey
et al 2014, Miettinen and Paavola 2014) to the understanding of the business value of BIM
and the business value of IT, the theoretical understanding of the content and perspective of
business value in both AEC research and IS research can be extended to also include a social
and cognitive dimension. The theoretical relevance and contribution of this thesis is thus of
theory development (Yin 2004, Creswell 2002) (sections 2.3 and 3.1).

By combining the theory of the business value of IT with the socio-technical systems theory,
this thesis bridges two theories of different perspective and conceptualization of IT (section
2.3). While the theory of the business value of IT draws on positivism and rational and
economic perspectives for understanding IT, the socio-technical systems theory draws on



interpretivism and social and cognitive perspectives for understanding IT. However, the two
theories share a common theoretical base in the open systems theory (section 2.3). They both
take off from the notion that an entity, such as an individual, group or network as in the socio-
technical systems theory, or an organization or firm as in the theory of the business value of
IT, impacts and is impacted by its external environment. In combining these two theories for
extending the theoretical understanding of the content and perspective of the business value of
BIM, this thesis undertakes a journey of perspectives from rationalism and positivism towards
increased interpretivism and hermeneutics. This journey may motivate and inspire future BIM
research to also reflect on the prevailing technical, rational and positivistic perspectives in
BIM research and regard interpretive perspectives that account for the interactions between
the technical and social systems and individuals, groups and social networks.

1.6 Overview of research questions, methods and theoretical frameworks

An abductive research approach has been undertaken in this thesis whereby the research
questions were subsequently developed by a systematic combination of induction and
deduction, i.e. alternating between empirics and theory in search for better understanding and
sense making (section 3.3 and Figure 1).

RQ1 and RQ2 are pursued in Papers 1 — 4. The theory of business value of IT (e.g. the IT
Business Value Model by Melville et al 2004) is used as theoretical lens to interpret the
findings. RQ1 and RQ2 were pursued from a mixed methods approach. The qualitative
method included semi-structured interviews with Swedish AEC industry actors (Paper 1 and
2) and semi-structured interviews with and participant observations of a large Swedish public
infrastructure client (Paper 4). The quantitative method included factor analysis and
regression analyses on results from a survey to international AEC industry actors (Paper 3).

RQ3 is pursued in Paper 5. A literature review of the knowledge interests in current BIM
research was performed. The analysis is based an examination of technical, practical or
emancipatory knowledge interests (Habermas 1971). The implications of knowledge interest
are analyzed using the concept of hegemony (Gramsci 1988).

RQ4 is pursued in Paper 6. Socio-technical systems theory (TAM2 by Venkatesh and Davis
2000and SCOT by Pinch and Bijker1984) is used as theoretical lens to interpret the findings
and understand the role of the business value of BIM in a wider socio-technical context. The
qualitative method included semi-structured interviews and participant observations of a large
Swedish public infrastructure client.



PAPER 1 The Perceived Business Value of BIM
RQI

Method: Interviews with Swedish AEC industry actors.
Theory: Literature review of the effects of BIM.

1

PAPER 2 A Proposed BIM Business Value Model
RQI + RQ?2

Method: Interviews with Swedish AEC industry actors.
Theory: The business value of IT

/\

PAPER 3 The Impact of Experiential Knowledge of
BIM on the Perceived Business Value of BIM

RQI + RQO2

Method: Survey to international AEC industry actors.
Theory: The business value of IT

PAPER 4 Challenges When Implementing
BIM for Industry Change

RQI + RQ2

Method: Interviews with and participation
observations of a Swedish public client.
Theory: The IT Business Value Model.

|

PAPER 5 BIM Research: Common
Perspectives and Implications for Future
Research

RO3

Method: Review of knowledge interests in
current literature on BIM.

Theory: Ontology of knowledge interests.

l

PAPER 6 The Role of the Public Client in the
Social Construction of BIM

RO4

Method: Interviews with and participation
observations of a Swedish public client.

Theory: Extended Technology Acceptance Model
and Social Construction of Technology.

Figure 1. Overview of research questions, methods and theoretical frameworks

2. Theoretical frameworks

2.1 Understanding of theory

In this thesis, theory is understood as the cognitive constructs and lenses constructed by
humans for understanding, interpreting and explaining an observed phenomenon in the world.
The phenomenon could be the falling of an apple to the ground, the annuals of a tree of the
interaction between man and technology. Theory may be developed and applied to a

phenomenon so that we may develop knowledge of an observed phenomenon for our own




understanding and sense making and so that we may describe and explain the observed
phenomenon to others. A theory could thus be a doctrine or principle, a mathematical model,
a model of cause and effect or a general explanation. For the author, academic research is the
art of being able to understand, explain and predict an observed phenomenon using theory in
order to develop new knowledge, enhance our existing knowledge, share our knowledge with
each other and to understand our history and predict our future.

2.2 Information Systems theory

IS research intersects knowledge of the properties of physical objects (e.g. technology) with
knowledge of human behavior (Gregor 2006). It concerns the design and management of
information systems, the evaluation of the systems and their value for IT-supported change
processes (Banker and Kauffman 2004). IS research draws on and borrows theories from
different fields such as natural sciences (e.g. open systems theory of biology) and social
sciences (e.g. sociology) (Gregor 2006, Banker and Kauffman 2004) to build IS theory.

Two theories from which IS research has drawn on to build IS theory include the resource-
based view of the firm from strategic management (e.g. in the development of the theory of
the business value of IT) and socio-technical systems theory from organizational science and
sociology (e.g. in the development of the theory on systems design). While the theory of the
business value of IT has drawn the resource-based view of the firm including also
microeconomics and industrial organization theory (Kohli and Grover 2008, Cao 2010,
Grover and Kohli 2012), it has seldom applied the socio- technical systems theory. In general,
IS research studying the relationship between IT and organizational performance has tended
to overlook the socio-technical perspective (Orlikowski and lacono 2001, Benbasat and Zmud
2003, Lee et al 2008). This thesis combines the theory of the business value of IT with the
socio-technical systems theory to extend the theoretical understanding of the business value of
BIM and the business value of IT.

2.3  The influence of open systems theory

Theory of the business value of IT and the socio-technical systems theory have both been
influenced by the open systems theory from biology (Von Bertalanffy 1950) and they share
the common understanding of how an entity, a firm or organization in the theory of business
value of IT (section 2.4.2) or an individual, group or social network in the socio-technical
systems theory (section 2.5.1), is an open system that impacts and is impacted by its external
environment. However, they differ in their conceptualization and perspective of technology,
unit of analysis and interpretation of the external environment in their application of the open
systems theory. The theory of the business value of IT conceptualize IT as a capability or
construct that is taken for granted, has inherent meaning and is assumed to be unproblematic
once it has been developed and installed. In contrast, socio-technical systems theory



conceptualize IT as an artefact that is socially constructed and shaped by human interests,
values and assumptions in a dynamic and a constantly changing social and historical context
(Orlikowski and lacono 2001).The theory of the business value of IT draws on positivism and
rational and economic perspectives for understanding IT (Melville et al 2004, Kohli and
Grover 2008, Cao 2010), while the socio-technical systems theory draws interpretivism and
social and cognitive perspectives for understanding IT (Trist and Bamforth 1951, Trist 1981,
Orlikowski and lacono 2001). In the theory of the business value of IT, the firm and
organization is in focus (Melville et al 2004, Kohli and Grover 2008), whereas in socio-
technical systems theory the individual, group or network is in focus (Trist and Bamforth
1951, Trist 1981, Orlikowski and lacono 2001).

It is the differences in the two theories” conceptualization and perspective of IT, unit of
analysis and interpretation of the external environment that may complement and each other
when being combined and that may allow for a reflection, problematization and extension of
the theoretical understanding of the content and perspective of the business value of BIM and
the business value of IT.

The open systems theory originates from biology and VVon Bertalanffy’s (1950) study of the
organism. It has been embraced in both natural and social sciences and not only influenced
the theory of the business value of IT and socio-technical systems theory, but also
contingency theory (Scott 1981) and the theory of organizing (Weick 1976). An open system
is characterized by a combination of parts whose complex relations make them interdependent
(Von Bertalanffy 1950). A system may be organic, mechanical, social, or a combination. In
mechanical systems the parts are highly constrained, whereas in social systems the parts are
loosely coupled (Von Bertalanffy 1950). Open systems imply that organizations impact and
are impacted bytheir external environment such as customers, suppliers and governments
(Katz and Kahn 1978). These all exert cultural, economic, technological and political
influences. Organizations need to be responsive to and adapt to changes in their external
environment to evolve (Katz and Kahn 1978). Public organizations are open systems that
influence and are influenced by their external environment such as governments and suppliers
(Scott and Davis 2015).

2.4  Theory of the business value of IT

2.4.1 The evolvement of the understanding of the business value of IT

The business value of IT has been studied in a variety of industries including manufacturing,
telecommunications, banking and healthcare (Tallon et al 2000, Kohli and Devaraj 2004, Cao
2010). Early studies on the business value of IT focused on the economic impact of IT on firm
performance including productivity enhancement, profitability improvement, cost reduction
and competitive advantage (Mukhopadhyay 1997, Berghout and Renkama 1997). Later
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studies extended the focus to also non-economic and intangible impacts including a redesign
of organizational strategies and structures (Mooney et al 1996, Kohli and Grover 2008). The
business value of IT is commonly defined as “the organizational performance impact of
information technology at both the intermediate process level and the organization-wide level,
comprising both efficiency impacts and competitive impacts” (Melville et al 2004). It has also
been understood as the organizational factors and capabilities than enable the creation of
business value related to strategizing, developing business processes, competencies and skills
and management practices (Melville et al 2004, Kohli and Grover 2008, Grover and Kohli
2012). The major focus has been on the intermediate business process and organizational
level in terms financial, operational and strategic impacts and less on the individual level in
terms of perception related impacts (Kohli and Grover 2008).

2.4.2 Open systems theory in the theory of the business value of IT

Open systems theory has influenced the IT Business Value Model and other frameworks that
emphasize the co-creation of business value in multi-layered contexts including the firm,
industry and macro level (Melville et al 2004, Kohli and Grover 2008) (section 2.3). Firms
need to collaborate and pool their resources (goods, services and relationships) across
organizational boundaries as a reaction to changes in their external environment (Grover and
Kohli 2012). The IT Business Value Model applies the open systems theory at the firm and
organization level and interprets the external environment as the competitive environment
(e.g. suppliers, competitors) and the macro environment (e.g. governments) (Melville et al
2004). The theory of the business value of IT draws on positivism and has applied the open
systems view in a rational and economic perspective (section 2.3).

2.4.3 The IT Business Value Model

The IT Business Value Model (Melville et al 2004) is an example of an open systems model.
It departs from the resource-based view of the firm which holds that the organizational
capabilities of the firm itself are what primarily create competitive advantage (Wernerfelt
1984). This view of the firm implies a closed system view (Aragon-Correa and Sharma 2003).
Melville et al (2004) develop the model by adding the open systems view and describing how
the firm may co-create business value by engaging in inter-organizational relationships with
the actors in its external environment. The IT Business Value Model has been used to
describe how business value creation is dependent on the firm’s ability to implement IT-
supported change processes in a multi-layered context (Melville et al 2004, Kohli and Grover
2008). The focus is on the interactions between a firm and the actors in its competitive and
macro environment. Implementation of IT-supported change process and the subsequent
creation of business value of IT are inter — organizational and depend on that the firm
interacts with and is able to co-create intra and inter organizational change with the actors in
its competitive and macro environment.
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IT-supported change processes take place on three levels: firm level (focal firm), industry
level (competitive environment) and macro level (macro environment) (Figure 2). Analysis of
such multi-layered contexts is important for understanding the impact of IT on individuals,
organizations and society (Walsham 1992, Pettigrew et al 2001).

The focal firm makes use of IT resources and human IT resources. The implementation of IT-
supported change processes requires the focal firm to manage organizational change
(complementary organizational resources). These must be managed both within the focal firm
(intra organizational level) and in relation to the actors in the competitive and macro
environment (inter-organizational level) (Figure 2).

With the actors in its competitive environment, the focal firm co-creates intra and inter
organizational change. The competitive environment consists of industry characteristics, such
as regulations, competitiveness and technological change and consists of industry actors
(trading partners), such as byers and suppliers (Melville et al 2004). By coordinating and
integrating their business processes (e.g. order taking, manufacturing, logistics, sales), the
focal firm and the actors in its competitive and macro environment co-create intra and inter
organizational change to create IT-supported change processes and business value. Examples
of intra and inter organizational change include changes in workplace practices, policies,
rules, contracts, business models, organizational structures, roles, decision making and
culture. These may also pose as challenges and the model thus also support an understanding
of the intra and inter organizational challenges associated with implementing IT-supported
change processes for business value (Melville et al 2004) (Figure 2).

The macro environment also impacts the firms’ ability to implement IT-supported change
processes. It includes governmental regulations, government initiatives and country specific
factors (education system, residents’ maturity of IT) (Melville et al 2004) (Figure 2).

Melville et al (2004) developed the IT Business Value Model by combining the closed
systems view (the resource-based view of the firm) with the open systems view of an
organization. They also drew on microeconomic theory and industrial organization theory
(Melville et al 2004). Some IS scholars have argued that such theoretical considerations result
in that IT becomes viewed as a black-box and point to a need for shifting the focus towards
more socio-technical theories when studying the relationship between IT and organizational
performance in order to also account for the impact of individuals, groups and networks
(Orlikowski and lacono 2001, Benbasat and Zmud 2003, Lee et al 2008).The relationship
between IT and organizational performance has also not always been straightforward as
suggested by, for example, the debate on the productivity paradox (Brynjolfsson 1993). Some
IS scholars also question how much theoretical understanding of business value comes from
the rational and economic understanding of the business value of IT (Schryen 2013).
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Figure 2. The IT Business Value Model (Melville et al 2004)

2.5 Socio-technical systems theory

2.5.1 Open systems theory in socio-technical systems theory

The socio-technical systems theory was developed from the study of the introduction of
mining technology in English coal mines and was influenced by Von Bertalanffy’s (1950)
open systems theory (Trist and Bamforth 1951, Trist 1981). Socio-technical systems theory
combines the technical subsystems with the social subsystem and recognizes the complex
interdependencies between society's infrastructure (e.g. machines, technology) and human
behavior in complex organizational work designs. It applies the open systems view from an
interpretivist perspective that also regards social and cognitive impacts. The focus is on
individuals, groups and social networks and the external environment is interpreted as other
individuals, groups and social networks. The open system understanding implies that not only
technology but also individuals”, groups” and networks” attitudes, beliefs and expectations of
a technology shape the design and use the technology and are what drives human actions and
behaviors, social structures and norms (Trist and Bamforth 1951, Trist 1981). TAMZ2, for
example, holds that the acceptance of a technology not only depends on technological
superiority, but also on the social context and the social and cognitive influences processes
that promote an acceptance (Venkatesh and Davis 2000).
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2.5.2 The Extended Technology Acceptance Model (TAM2)

In their original technology acceptance model, Davis et al (1989) explain how acceptance and
rejection of a technology depends on perceived usefulness of a technology (the degree to
which a person believes that using a particular system enhances job performance), perceived
ease of use of technology (the degree to which a person believes that using a particular system
is effortless) and by individual’s attitudes and behavioral intentions towards using the
technology. In their Extended Technology Acceptance Model (TAM2),Venkatesh and Davis
(2000) add social influences processes (subjective norm, voluntariness, and image) and
cognitive instrumental processes (job relevance, output quality and result demonstrability)
(Figure 3).

Subjective norm is the perception that most people who are important to one think that one
should use a technology. Voluntariness is the extent to which this use is perceived to be non-
mandatory. Image is the degree to which the use of a technology is perceived to enhance
one’s status in a social system. Job relevance is the perception that the technology is
applicable for one’s job tasks. Output quality is the degree one perceives that a technology
can perform required tasks. Result demonstrability is the perceived tangibility of the results of
using the technology. Subjective norm also influences image when an individual ‘s work
group considers it important to use a technology and elevate one’s image in the group.

Experience Voluntariness

Subjective Norm

S

Image ke Perceived Usefulness

v

Job Relevance | — | \A v

Intention to Use —p Usage Behavior
Output Quality
Perceived Ease of Use /

Result Original TAM model
Demonstrability

Figure 3. The Extended Technology Acceptance Model (TAM2) by Venkatesh and Davis (2000)

Understanding the acceptance and rejection of a technology among the individuals, groups
and networks of an organization (Venkatesh and Davis 2000) is important for understanding
how an organization as a whole may impact the use of a technology within an industry, i.e.
the social construction of technology (SCOT).
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2.5.3 The Social Construction of Technology (SCOT)

SCOT holds that different relevant social groups shape the design, use and impact of a
technology based on their sociological explanations; the social contexts in which the
arguments for acceptance and rejection of the technology have been promoted and socially
supported based on the social group’s different interpretations, beliefs and expectations about
the technology, its usefulness and the problems it is expected to solve (Pinch and Bijker
1984). Relevant social groups may be designers such as software developers and the users
such as firms, households or consumer groups (Pinch and Bikjer 1984). The sociological
explanations of the different social groups form in a process of interpretive flexibility and
stabilization. Interpretive flexibility means that the same technology can be seen in different
ways and used for different purposes by different social groups. The relations and influences
between the different social group’s sociological explanations form in the stabilization
process where either one social groups” sociological explanations prevails over others” or
where a compromise is reached (Pinch and Bikjer 1984).

The understanding from TAM2 of how the acceptance and rejection among individuals,
groups and networks of an organization are formed by social and cognitive factors (Venkatesh
and Davis 2000) provides insights for also understanding the sociological explanations of the
organization as a whole and its role in the social construction of technology. SCOT also
argues that certain social groups may have larger influence. In the AEC industry context, one
such social group may be the public client (Linderoth 2010, Bosch-Seijtsema et al 2017).
Understanding the impact of such an influential social group in the social construction of BIM
(Pinch and Bijker 1984) is important for understanding IT-supported change processes in the
AEC industry. In this context, it is also important to understand what role the of business
value of BIM plays for acceptance and rejection of BIM in relation to influence of social and
cognitive factors (Venkatesh and Davis 2000).

3. Method

3.1 Theory development

The researcher should ground his/her research questions in theory and consider whether the
aim is theory building, theory validation or theory development (Yin 2004, Creswell 2002).
This thesis aims to contribute with theory development of the theoretical understanding of
business value of BIM in AEC research and of the business value of IT in IS research (section
1.5 and 2.3). By combining the theory of the business value of IT (e.g. IT Business Value
Model) with the socio-technical systems theory (e.g. TAM2), a social and cognitive
dimension can be added to the currently rational and positivistic dimension characterizing the
theoretical understanding of the business value of BIM and the business value of IT.

15



The two theories have both been developed from the open systems theory that views an entity
as an open systems which impacts and is impacted by its external environment (section 2.3)
However, it is the differences in the their conceptualization and perspective of IT, unit of
analysis and interpretation of the external environment (section 2.3) that may complement and
each other when being combined and that may allow for a reflection, problematization and
extension of the theoretical understanding of the content and perspective of the business value
of BIM and the business value of IT. The interpretive (hermeneutic) and socio-technical
conceptualization and perspective of IT of the socio-technical systems theory may contribute
with adding a social and cognitive dimension to the current rational and positivistic
understanding of the content and perspective of the business value of BIM and business value
of IT and may allow for a reflection, problematization and extension of the theoretical
understanding of content and perspective. The socio-technical perspective is important and
has been lacking in both the theoretical understanding of BIM in AEC research (Sackey et al
2014, Miettinen and Paavola 2014) and in the theoretical understanding of the relationship
between IT and organizational performance in IS research (Orlikowski and lacono 2001,
Benbasat and Zmud 2003, Lee et al 2008).

In a first step, the business value of BIM is understood by drawing on the theory of the
business value of IT and the IT Business Value Model (Papers 1 —4). The content and
perspective of the business value of BIM, and of the business value of IT, is then further
reflected on, problematized and extended by drawing on socio-technical systems theory
(TAM2 and SCOT) (Papers 5 — 6).

3.2 A mixed methods approach

From the development of research questions, the methodological considerations follow (Yin
2004, Creswell 2002). A research method can be qualitative meaning that is seeks to
understand, describe and giving meaning to a phenomenon (Merriam 2009, Rudestam and
Newton 2007). It can also be quantitative meaning that is aims to test theories by examining
relationships and correlations among variables (Creswell 2002). Qualitative and quantitative
approaches should not be viewed as rigid polar opposites, but as representing different ends
on a continuum where the mixed methods approach resides in the middle (Creswell 2002,
Greene 2007). The mixed methods approach allows for a broader and deeper understanding
by seeking convergence across qualitative and quantitative data and may increase the validity
and reliability of the research (Creswell 2002, Greene 2007).

This thesis applies a mixed methods approach across three informant groups: Swedish AEC

industry actors, international AEC industry actors and a Swedish public infrastructure client.
The qualitative approach involves interviews with Swedish AEC industry actors and
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interviews with and participant observation studies of a Swedish public infrastructure client.
The quantitative approach involves statistical analyses of a survey to international AEC
industry actors and accounts for the international perspective. The design and analysis of the
quantitative method built on and complemented the findings from the qualitative approach.

Paper 1 pursued RQ1 and aimed to understand how Swedish AEC industry actors perceived
the business value of BIM. The findings from semi structure interviews were interpreted using
a literature review of the effects of BIM.

Paper 2 pursued RQ1 and RQ2 and aimed to examine how the Swedish AEC industry actors
perceived the business value of BIM and the enablers of and challenges to the business value
of BIM. The findings from semi structure interviews were interpreted using the theory of the
business value of IT (section 3.4.1).

Paper 3 pursued RQ1 and RQ2 from the international AEC industry perspective. It examined
how the business value of BIM was perceived on the individual and project level and how
individuals™ experiential knowledge of BIM impacted the perceptions. The findings from a
survey were analyzed using factor analysis and regression analyses. The theory of the
business value of IT was used to interpret the findings (section 3.5).

Paper 4 pursued RQ1 and RQ2 from the client perspective and examined what intra and inter
organizational challenges the public client encountered when implement BIM to create
industry change and business value. The IT Business Value Model was applied to the findings
from semi-structured interviews (section 3.4.2) and participant observations of (section 3.4.3)
the various individuals, groups and networks involved in the BIM implementation.

Paper 5 pursued RQ3 and examined what knowledge interests dominate current BIM research
and the implications for the understanding of the business value of BIM. Knowledge interests
were examined based on Habermas ontology and social constructivism and technological
determinism and were evaluated using the concept of hegemony (section 3.6).

Paper 6 pursued RQ4 from the client perspective and examined the role of the business value
of BIM in a wider socio-technical context. The findings from semi-structured interviews with
(section 3.4.2) and participant observations of (section 3.4.3) the individuals, groups and
networks involved in the BIM implementation were analyzed usingTAMZ2 and SCOT.
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Overview of the mixed methods approach

Qualitative method

Perspective RQ Paper | Method Hours | Year Theoretical lens
.SWQd'Sh AEC 1,2 1,2 _Seml _structured 18 2014 Business value of IT
industry actors interviews

Swedish public 124 |46 Semi structured 40 2014- IT Business Value Model.
infrastructure client " ' interviews 2017 TAM2. SCOT.

Swedish public 124 |46 Participant 360 2014- IT Business Value Model.
infrastructure client " ' observations 2017 TAM2. SCOT
Quantitative method

Perspective RQ Paper | Method Answers | Year Theoretical lens
International AEC Statistical 242 .

industry actors 12 3 analyses (24.5%) 2014 Business value of IT

Table 2. Overview of mixed methods approach
3.3  Anabductive research approach

This thesis applies an abductive research approach involving a systematic combination of
induction and deduction, i.e. alternating between empirics and theory, in the development of
the research questions and in search for better understanding and sense making. Below
follows an account of how the abductive research approach was applied to develop and pursue
the research questions (see also section 1.4 and section 4).

3.3.1 The abductive reasoning of RQ1

RQ1 aimed to examine how the business value of BIM was perceived in the AEC industry.
This interest arose from an observation of how the term business value of BIM had not been
academically researched despite the large interest from both industry and research and the
extensive research on the business value of IT. The business value of BIM was also
characterized by rationalism and positivism (see section 1.3). Together with the lack of a
theoretical understanding of the business value of BIM and its theoretical implications
(deductive reasoning), the limited and positively biased understanding of the term in industry
(inductive reasoning) developed RQL1.

3.3.2 The abductive reasoning of RQ2

RQ2 aimed to understand what factors are perceived as enablers of and challenges to the
perceptions of the business value of BIM. Pursuing RQ1 in Papers 1 — 4 showed that the
business value of BIM was perceived in terms of future, desirable effects that were not being
realized due to the many challenges and costs associated with implementing BIM. This
suggested that the challenges associated with the business value of BIM must be better
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understood formed the inductive reasoning of RQ2. The perceptions also were also impacted
by the large interdependencies among the industry actors on multiple levels. This called for
theoretical frameworks that consider such interrelations and multi-layered processes and
motivated applying the IT Business Value Model (deduction).

3.3.3 The abductive reasoning of RQ3

Using the IT Business Value Model in pursuing RQ1 and RQ2 in Papers 1 — 4 helped for
understanding the perceptions of the business value of BIM and for understanding how the
intra and inter organizational changes described as enablers of business value creation in the
model were rather posing as intra and inter organizational challenges to the business value of
BIM. However, there were certain patterns and phenomena in the empirical material that were
of social and cognitive nature related to individuals, groups and networks that the model could
not explain. This resulted in a search for alternative theories and in an interest for examining
what perspectives dominate in BIM research. This formed the abductive reasoning of RQ3
which aimed to examine what knowledge interests and perspectives dominate current BIM
research and their impact for the theoretical understanding of the business value of BIM.

3.3.4 The abductive reasoning of RQ4

RQ4 aimed to examine the role of the business value of BIM in a wider socio-technological
context. Pursuing RQ3 suggested that the rational and positivistic perspectives used in BIM
research would need to be complemented with socio — technical perspectives. This was also
supported by how the social and cognitive phenomena of the empirical observations could not
be explained by the rational and process-oriented theories of the business value of BIM. This
altering between induction and deduction in the search for an understanding of the social and
cognitive aspects of the findings formed the abductive reasoning of RQ4. RQ1, RQ2 and RQ4
thus aimed to reflect on, problematize and extend the theoretical understanding of content and
perspective of the business value of BIM, while RQ3 aimed to reflect on the content and
perspectives of current BIM research.

3.4 The qualitative methods, data collection and analysis

3.4.1 Semi-structured interviews with Swedish AEC industry actors
i) Interview design and data collection

For Papers 1 -2 and RQ1 and RQ2, open ended semi-structured interviews with 9 BIM
knowledgeable actors in the Swedish AEC industry were conducted to gain a deeper
understanding of how the business value of BIM was perceived and of what factors that were
perceived as enablers of and challenges to the perceptions of business value. They represented
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clients/owners, contractors and consultants (Table 3) The respondents were selected by
purposive sampling based on their experience of working in the industry, their experience and
knowledge in BIM and their engagement in BIM communities (e.g. BIM Alliance). The
interviews were semi structured and prepared in advance (based on the effects of BIM in
research) to serve as guidance. The interviews focused on how the respondents interpreted
and perceived the term business value of BIM. They took place in 2014, were conducted at
the respondent’s workplace and lasted 2 hours in average. During the interviews, hand written
notes were that were transcribed directly after each interview.

Semi-structured interviews with Swedish AEC industry actors

Respondent Industry actor Current position Year Hours
A Consultant Senior expert 2014 2
B Contractor Head of IT 2014 2
C Client/Owner Development manager 2014 2
D Consultant Head of IT 2014 2
E Contractor Head of IT 2014 2
F Consultant Project manager 2014 2
G Client/Owner Engineering manager 2014 2
H Client/Owner Business unit manager 2014 2

I Contractor Development manager 2014 2

Total 18

Table 3. Respondent profile of Swedish AEC industry actors

ii) The purpose of conducting interviews

The semi structured approach allowed for some control over the discussions while also
allowing the respondents to freely reflect on the business value of BIM (Rudestam and
Newton 2007). It also allowed for the respondents to expand their elaborations on the
perceived business value of BIM to also discuss the factors they perceived as enablers of and
challenges to the business value of BIM. This was important as it laid the empirical
foundation for the development of RQ2.

iii) Analysis of the empirical material

The findings in Paper 1 were analyzed by comparing the perceptions of the business value of
BIM with the understanding of the effects of BIM in AEC research. In Paper 2, the findings in
were analyzed by comparing the perceptions of the business value of BIM with the
understanding of the business value of IT in IS research. The perceptions of the business
value of BIM in Paper 2 were thematically categorized accordingly to the three levels of the
IT Business Value Model (Melville et al 2004). This allowed for also gaining an
understanding of what factors the Swedish AEC industry actors perceived as enablers of and
challenges to their perceptions of the business value of BIM on the individual and project and
the business process and organizational level (RQ2).
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Semi-structured interviews with Swedish AEC industry actors
RQ Papers | Method Hours Year | Theoretical lens
1,2 1,2 Semi-structured open ended interviews 18 2014 | Business value of IT
- Consultants 6 2014
- Contractors 6 2014
- Clients/owners 6 2014

Table 4. Overview of semi-structured interviews with Swedish AEC industry actors
iv) Limitations

The respondents were chosen based on their experience of BIM and engagement in the BIM
community and could be prone to a positive bias towards BIM. An advantage of the purposive
sampling was however that the respondents had large experience with BIM and thus could
elaborate on both their perceptions of the business value of BIM and the challenges thereof.
Also, there were only nine interviews. Yet, they offered new insights into the perceived
business value of BIM and the associated challenges. As Patton (1990) puts it, "the validity,
meaningfulness, and insights generated from qualitative inquiry have more to do with the
information-richness of the cases selected rather than sample size”.

3.4.2 Semi structured interviews at a Swedish public infrastructure client

Paper 4 and Paper 6 consisted of a four year case study of a large Swedish public
infrastructure clients” implementation of BIM from 2014 — 2017. The case study consisted of
semi structured interviews (section 3.4.2) and participant observations (section 3.4.3).

The four year case study was being conducted within a collaborative research project with the
public client which aimed to evaluate the business value of BIM at the public client. Initially,
the focus of the research was on examining the perceptions of the business value of BIM,
developing key performance indicators for evaluating these perceptions and following up the
key performance indicators in actual projects. By the end of 2014, however, the focus of the
research shifted towards understanding the challenges associated with implementing BIM for
business value, understanding the social and cognitive factors of the acceptance or rejection of
the implementation among the various individuals, groups and social networks of the public
client and understanding what role the business value of BIM (i.e. economic factors) played
for the acceptance or rejection of BIM. This shift was motivated by both the empirical
observations and theoretical frameworks applied (see the abductive research in section 3.3).

)} The case study

The Swedish public infrastructure client is the largest procurer of infrastructure in Sweden.
The public client initiated a BIM implementation in 2012 as a response to a government
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directive which stipulated that the public client ought to implement BIM to encourage
increased productivity, innovation and change in the Swedish AEC industry (SOU 2012:39).
The case study following the public client’s implementation began in in early 2014. It consists
of semi-structured interviews with and participant observations of the various individuals,
groups and networks involved in the public client’s implementation of BIM. These include a
BIM competence group; BIM pilot project managers, BIM implementation managers, BIM
coordinators, business unit managers, operation managers and controllers at the department of
Major Projects; and BIM pilot project managers, project managers and the BIM
implementation manager at the department of Investment Projects. The BIM competence
group responsible for developing guidelines and strategies for the implementation at Major
Projects and Investment Projects (top-down implementation) was studied mainly through
observations. The BIM pilot project managers, BIM implementation managers, project
managers, operations managers and business unit managers at Major Projects and Investment
Projects conducing the actual implementation of BIM (bottom-up implementation) were
studied mainly through interviews. The interactions among the BIM competence group, BIM
coordinators, BIM pilot project managers, BIM implementation managers, project managers
and business unit managers were studied through observations (section 3.4.3).

The case study consists of approximately 360 hours of observations (Table 6) and40 hours of
interviews (Table 5). In addition, it also includes document studies, email correspondence and
informal talks. The interpretation of the case study is thus based on a variety of empirical
viewpoints and is an example of a qualitative longitudinal case study that aims at contributing
to both theory and practice (Yin 1994, Eisenhardt 1989, Merriam 1998).

) Interview design and data collection

The open ended semi-structured interviews were conducted with ten BIM pilot project
managers of Major Projects and Investment Projects, the project manager of the BIM
competence group, the BIM implementation manager of Investment Projects, the business
unit manager of Major Projects, the business unit manager of Investment Projects and the
operations managers of Investment Projects. The interactions among the interviewees were
studied through observations (section 3.4.3).

The purpose of the interviews with the ten BIM pilot project managers was to understand how
they interpreted and perceived the business value of BIM. However, the focus of the
interviews shifted as the respondents only briefly mentioned how they had perceived the
business value of BIM and continued to focus on describing the challenges, difficulties and
costs they had encountered when trying to implement BIM for business value. They also
described how they had reacted to the BIM competence group’s efforts to govern the manner
in they were to implement BIM. There were a total of 18 BIM pilot project managers
managing the 25 BIM pilot projects. All 18 were contacted and 10 agreed on an interview
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(Table 4).The interview lasted 2 hours in average (total of 20 hours). Hand written notes were

taken and were transcribed directly after each interview (Table 4).

Semi-structured interviews with ten BIM pilot project managers

Respondent | BIM pilot project | Department Project phase :fr?errsiilé\eﬂ Hours | Year
A Road expansion Investment Projects | Construction 1-2 2 2014
B Road expansion Investment Projects | Maintenance 0-1 2 2014
C Railway yard Investment Projects | Planning 0-1 2 2014
D High speed railway | Major Projects Planning 5-10 2 2014
E Traffic junction Major Projects Construction 0-1 2 2014
F Traffic junction Investment Projects | Planning 2-5 2 2014
G Road expansion Major Projects Construction 5-10 2 2014
H Railway expansion | Investment Projects | Planning 5-10 2 2014
I Railway expansion | Investment Projects | Planning 1-2 2 2014
J Road expansion Investment Projects | Construction 1-2 2 2014

Table 4. Semi structured interviews with BIM pilot project managers

The open ended semi-structured interviews with the project manager of the BIM competence
group focused on understanding how the BIM competence group had tried to govern and
develop strategies for the implementation of BIM at the public client. The interviews focused
on understanding the groups” work with revising the steering documents governing internal
project managers work practices to include BIM-based work practices and the procurement
contracts to demand BIM-based work practices from suppliers. The focus was also on
understanding how they had tried to communicate the main argument for the BIM
implementation of having the public client implement BIM as a means to drive AEC industry
change to the individuals, groups and networks of the public client involved in the BIM
implementation. The two interviews lasted 2.5 hours in average (total of 5 hours).
Handwritten notes were taken and were transcribed directly after the interviews (Table 5).

The open ended semi-structured interviews with the BIM implementation manager overseeing
the BIM implementation at Investment Project focused on how the project managers of
Investment Projects had been able to implement the revised steering documents and revised
procurement contracts, how the implementation manager perceived the business value of BIM
and the role it played for the acceptance of BIM at Investment Projects. Three interviews were
conducted lasting 3 hours, 2 hours and 1.5 hours (total of 7.5 hours). Hand written notes were
taken and were transcribed directly after each interview (Table 5).

The open ended semi structured interviews the business unit manager of Major Projects, the
business unit manager of Investment Projects and the operations manager of Investment
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Projects focused on understanding what change management initiatives that were taking place
at the departments and how they perceived the implementation of BIM as a change initiative
in relation to the other ongoing change initiatives. The interviews also focused on what role
they perceived that arguments and indicators for the business value of BIM played. The
interviews lasted 2.5 hours, 2.5 hours and 2 hours, respectively (total of 7.5 hours). Hand
written notes were taken and were transcribed directly after the interviews (Table 5).

i) The purpose of conducting interviews

The interviews allowed for understanding how the individuals formed their perceptions,
beliefs, expectations about the BIM implementation, the business value of BIM and the
factors that they perceived as enablers of and challenges to the business value of BIM. The
interviews also allowed for a deeper understanding of how the BIM competence groups”
argument of having the public client implement BIM as a means to drive industry change had
been diffused to and accepted or rejected by the individuals, social groups and networks of
Major Projects and Investment Projects. While the interviews allowed for understanding of
the individuals™ interpretations, beliefs and expectations about the implementation of BIM, the
observations allowed for understanding how the individuals™ interpretations, beliefs and
expectations of BIM were formed in social interactions and social networks (section 3.4.3).

i) Analysis of the empirical material

In Paper 4, the IT Business Value Model (Melville et al 2004) was applied as lens to interpret
the findings. It is an open systems model whose multi-layered analysis accounts for the public
client’s large impact on the work practices of the actors in the AEC industry. The model also
understands the implementation of IT-supported change processes and the subsequent
creation of business value which is useful for interpreting the public client’s aim with the BIM
implementation as a means for driving industry change and productivity. The model is also
useful as it allows for understanding the challenges associated with implementing such IT-
supported change processes (section 2.4.3).

In a first step, the focal firm level of the IT Business Value Model was applied. This allowed
for understanding that the intra and inter organizational changes described as enablers of
business value (Melville et al 2004) rather posed as challenges in the case of the public client,
for example “challenges in changing work practices”. In a second step, the organizational
challenges were categorized into nine categories using thematic analysis. In a third step, the
competitive and macro environment levels (Melville et al 2004) allowed for distinguishing
between intra and inter organizational challenges.

In Paper 6, TAM2 (Venkatesh and Davis 2000) and SCOT (Pinch and Bijker 1984) were used
to interpret the findings. TAM2 allowed for understanding to what extent the individuals,
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groups and networks among Major Projects and Investment Projects had accepted or rejected
the BIM competence group’s argument of having the public client implement BIM as a means
for driving industry change based on social and cognitive influence processes. The findings
were analyzed accordingly to the social influences processes (subjective norm, voluntariness,
and image) and cognitive instrumental processes (job relevance, output quality and result
demonstrability) of TAM2 (section 2.5.2). Understanding the acceptance for a technology
among the individuals, groups and network of an organization is important for understanding
how that organization as a whole may shape the use of a technology in the industry. The
insights from applying TAMZ2 could be useful for understanding the role of the public client in
the social construction of BIM (SCOT) in the Swedish AEC industry (Pinch and Bijker 1984).
SCOT will thus be used as a support for discussing the implications of the findings from
applying TAM2 to the public client.

While the method of TAMZ2 is quantitative, the constructs of the model (i.e. the social and
cognitive influence processes), such as social norms and image, originate from experimental
studies of human behavior in phycology and sociology. In these studies, the basis for the
experiments (e.g. formulations of hypothesis) is often observations of human behavior and
has also included interviews and the quantitative data has also been complemented with
qualitative data as a means for strengthening the validity and reliability of the research (e.g. in
Bagozzi 2007). The descriptions of the social and cognitive influence processes by Venkatesh
and Davis (2000) are also that descriptive, explanatory and extensive that they were helpful
for interpreting the interviews. Hence, the qualitative application of TAM2 in this thesis is
useful and intuitive, but should ideally also be complemented with a quantitative
interpretation of TAM2.

Semi-structured interviews with Swedish public infrastructure client

RQ Papers | Method Hours | Year Theoretical lens
1,24 | 46 Semi-structured open ended interviews 40 2014-2017 IT Business Value
Model. TAM2. SCOT
- BIM pilot project managers 20 2014, 2015
- Project manager BIM competence group | 5 2014, 2017
- BIM implementation managers 7.5 2016, 2017
- Business unit and operations managers 7.5 2017

Table 5.Semi-structured interviews with Swedish public infrastructure client
iv) Limitations

Open ended semi structured interviews may also be prone to bias of the respondents (Boyce
and Neale 2006). The BIM implementation represented a major change in work practices,
attitudes and culture. BIM enthusiastic project managers of large unique projects may have
represented a positive bias towards BIM, whereas project managers of smaller projects may
have represented a negative bias towards BIM resulting from a frustration and resistance
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towards BIM. In a qualitative study, this can be managed by using a variety of viewpoints
ranging from interviews, field notes and observations (Yin 2004). Therefore, participant
observations were also conducted (section 3.4.3).

3.4.3 Participant observations of a Swedish public infrastructure client
)] The role of the author and data collection

The interactions between the BIM competence group, BIM implementation managers, BIM
pilot project managers, project managers and BIM coordinators were studied by an
ethnographical field study approach including observations of meetings, conferences,
workshops, regular workdays etc. The observations covered approximately 360 hours and
took place formally, for example at BIM kick-off conferences, internal and external BIM
meetings, regular meetings, workshops, project meetings, phone conferences and various
seminars, and informally, for example at lunches and coffee-breaks . The author was
partaking mainly as a listener except during brakes and social events when the author also
engaged in informal discussions. Interactions between the BIM competence group, BIM
coordinators and implementation managers of Major Projects and Investment Projects were
observed at, for example, two-day BIM kick-off conferences in 2014, 2015 and 2016.
Observations also included internal BIM meetings arranged by the BIM competence group,
phone conferences among BIM coordinators and regular meetings of the BIM competence
group. Participant observation involves the author taking part in the daily activities, rituals,
interactions and events as a means for observing the explicit and tacit aspects of the
respondent’s daily routines and working culture (DeWalt and DeWalt 2010). All observations
were documented by hand written notes and transcribed directly after each observation.

i) The purpose of conducting participant observations

While the interviews allowed for understanding the individuals™ interpretations, beliefs and
expectations about the BIM implementation (section 3.3.2), the observations allowed for
understanding how the individuals™ interpretation, expectations and beliefs were formed in
social interactions in groups and social networks. The observations allowed for understanding
how the interpretations, beliefs and expectations about the implementation of BIM of the
groups and social networks were formed, promoted and upheld collectively. The 360 hours of
observations were important for interpreting the social and cognitive phenomena in the
empirical material related to perceptions, beliefs and expectations of individuals, groups and
social networks using TAM and SCOT. Observations allowed for a deeper understanding of
how the social and cognitive processes influencing the perceptions, beliefs and expectations
about BIM were developed and upheld in the groups and networks. Important observation
included observations of, for example, meetings and conferences among the BIM competence
group and BIM pilot project managers where the BIM pilot project managers” reactions to the
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governing efforts of the BIM competence group could be studied including both their
individual reactions and their collective reactions as a group and network. See Table 6.

i) Analysis of the empirical material

See analysis of the empirical material (iii) of section 3.4.2.

Participant observations of Swedish public infrastructure client
RQ Papers | Method Hours Year Theoretical lens
- . IT Business Value Model.
1,2,4 | 4,6 Participant observations 360 2014-2017 | $AM2. SCOT
Conferences’ 30 2014
30 2015
30 2016
20 2017
Total | 110
Workshops® 5 2014
10 2015
10 2016
Total | 25
Internal meetings® 40 2014
50 2015
50 2016
30 2017
Total | 170
External meetings® 15 2015
15 2016
Total | 30
Other 25 2014-2016

1) Interactions among the a) the BIM competence group and b) the BIM competence group and the BIM
coordinators, BIM pilot project managers, project managers and implementation managers.

2) Interactions the BIM competence group, BIM coordinators, BIM pilot project managers, project managers,
implementation managers, business unit managers and operations managers.

3) Interactions among the BIM competence group and the public client’s suppliers (e.g.consultants, contractors).

Table 6. Participant observations of Swedish public infrastructure client
iv) Limitations

Even though participant observation studies can be used to help answer descriptive research
questions, they are susceptible to biases (DeWalt and DeWalt 2002), for example by different
gender, sexuality and ethnicity. This means that researchers may have different access to
information, people, settings and bodies of knowledge (DeWalt and DeWalt 2002). There is
also a risk of becoming a participating observer and becoming too engaged. This risk may be
handled by having a transparent dialogue about the author’s role in the observation with for
example supervisors.
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3.5 The quantitative methods, data collection and analysis
) The purpose of the quantitative method

To examine the international industry perspective, a survey was perceived as most appropriate
due to accessibility. Paper 3examined how individuals™ experiential knowledge of BIM
impacted their perceptions of business value of BIM. A large international survey was
administrated to members of the buildingSMART network (Table 7). Factor analysis
examined different categories of perceived business values of BIM and regression analyses
examined how individuals™ experiential knowledge of BIM impacted these perceptions.

i) Survey design and data collection

The survey built on methods from business studies for capturing the impact of experiential
knowledge (Eriksson et al 1997, Blomstermo et al 2004). The respondents were asked to
choose a specific ongoing BIM project to answer questions about. One examined how the
business value of BIM was perceived (see Table 3 of Paper 3). It was developed from the
interviews with the Swedish AEC industry actors, a literature review of the effects and
business values of BIM and a literature review of the business value of IT. The remaining
eleven questions examined to what extent the respondents’ experiential knowledge of BIM
had been useful for the management of their ongoing BIM project (exploitation of knowledge)
(see Table of Paper 3). They were developed from the interviews with Swedish AEC industry
actors and a literature review of work practices in BIM implementation. Question related to,
for example, the usefulness of having prior experience in using BIM for various application
areas and of having prior experiences in managing challenges of BIM implementation.

i) Analysis of the empirical material

The perceptions of the business value of BIM were analyzed by factor analysis in order to
examine whether any types or categories of perceived business value of BIM emerged. The
respondents’ perceptions of the usefulness of their experiential knowledge of BIM were
correlated to the business values of BIM in the factor analysis through regression analyses
(multiple, robust and stepwise). This estimated the impact of the respondents” experiential
knowledge of BIM on their perceptions of the business value of BIM.

Factor analysis can reduce larger sets of variables and examine patterns of clustering (e.g.
categories) (Stevens 2012, Hair et al 2006). The aim is to find the linear combination of the
variables that achieves the maximum amount of variance. The first factor will account for the
largest amount of variance; the second factor for the next largest etc. Only those factors will
be retained that fulfil the Kaiser criterion (eigenvalue > 1) (Stevens 2012). The Kaiser
criterion should also be complemented with sound theoretical and conceptual motivations
(Henson and Roberts 2006, Beavers et al 2013).In multiple regression analysis using, two or
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more independent variables are used to estimate the dependent variable. The best fitting line is
estimated based on that the sum of the squared residuals is minimized (Hair et al 2006). The
residual is the difference between the observed values and predicted values for the dependent
variable. The residuals are used when estimating the models given that they are uncorrelated
and have a constant variance. In estimating the best fitting a line, some data points might
deviate (outliers) (Li 1985, Fox 1997) and robust regression analysis may be used. Robust
regression reweighs the deviating observations. It performs an initial screening of the outliers
and then re-weights them (Li 1985, Fox 1997). Stepwise regression analysis can complement
regression analyses. It allows for reducing the number of independent variables to a subset of
useful predictors while removing those that are less important. It systematically adds the most
significant variable or removes the least significant variable during each step.

The findings were analyzed using the theory of the business value of IT. The findings from
the factor analysis of the different categories of perceived business values of BIM were
compared with the understanding of the business value of IT (e.g. Melville et al 2004). The
findings from the regression analyses of the impact of individuals” experiential knowledge of
BIM on perceptions of business value of BIM were compared with the understanding of the
factors and capabilities that are described as prerequisites for business value creation in IS
research (e.g. Mooney et al 1996, Melville et al 2004, Kohli and Grover 2008) (section 2.2).

Statistical analyses of survey to international AEC industry actors

RQ | Paper Method Response rate Theoretical lens
1,2 |3 Statistical analyses of survey 24.5% (242 answers) | Business value of IT
- Factor analysis

- Multiple regression
- Robust regression

- Stepwise regression

Table 7. Overview of statistical analysis of survey to international AEC industry actors
iv) Limitations

Although the quantitative method aims to measure the views, perspectives and responses of a
sample population to generate increased knowledge about a target population, there are
limitations (Saunders et al 2009). For example, designing surveys with pre-formulated closed
ended questions implies that the survey is only as good as an indicator and representation of
the “real world” as perceived by the creator of the survey. Thus, the quantitative methods may
be complemented with qualitative methods (Greene 2007, Creswell 2002) (as was also the
purpose of the mixed methods approach of this thesis). Selection bias may also be an issue.
The members of the buildingSMART network could be described as more enthusiastic in
promoting the implementation of BIM and more positively oriented in their perceptions of the
business value of BIM. However, as the purpose was to increase the understanding of how
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experiential knowledge of BIM impact perceptions of the business value of BIM, the BIM
knowledgeable and experienced members of the buildingSMART network were chosen.

3.6  Literature review of knowledge interests in current BIM research

)} The purpose of the literature review

Paper 5examined what knowledge interests are dominating in current BIM research and their
implications for the understanding of the business value of BIM. The aim was to build an
argument for broadening the theories and perspectives in research on BIM.

i) Analysis of the empirical material

The knowledge interests of well-cited BIM articles were studied based on whether the
knowledge interests were technical, practical or emancipatory (Habermas 1971) or socio-
technical (Trist and Bamforth 1951).The technical domain that supports a positivistic
knowledge interest (prediction and casual explanation). The practical domain supports a
hermeneutic knowledge interest (interpretation and understanding. The emancipatory domain
supports critical knowledge interest (criticism, reflection) (Habermas 1971). These were
complemented with an examination of whether the knowledge interest were of technological
determinism (technology is what influences human actions and behaviors and the success of a
technology) (Smith and Marx 1994) or social constructivism (human actions, behaviors and
attitudes influence the use and success of a technology) (Trist and Bamforth 1951).

The knowledge interest of the 10 most cited BIM articles from four journals during 2007 —
2017 were analyzed. When categorizing the knowledge interests, keywords and phrases were
categorized by the three knowledge domains and by social constructivism or technological
determinism. A technical knowledge interest was indicated by keywords and phrases such as
“application areas” and “benefits of BIM", a practical knowledge interest by “understanding
BIM adoption” and “understanding the role of cultural change” and an emancipatory
knowledge (which was limited)by “questioning the governing theories and methodologies
and” critical realism”,

iii) Limitations

The review was based on a narrow selection of the current BIM literature. The purpose was
not to do a comprehensive literature review but to build an argument for broadening the BIM
research. Still, there is a need for a more comprehensive review to fully understand how the
research on BIM has developed and what the future needs are.
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4. Findings

In section 4.1 follows a summary of the appended papers. In section 4.2 the findings to the
research questions are presented. In section 5 the contributions of the findings for fulfilling
the aim of the thesis are discussed.

4.1  Summary of appended papers

Paper 1 The Perceived Business Value of BIM

Paper 1 explored how the business value of BIM was perceived by Swedish AEC industry
actors. The business value of BIM was perceived in terms of desirable future business values
(ex-ante) that were currently being hindered by the challenges and associated costs of
implementing BIM (ex-post). Perceptions thus included both desirable future outcomes and
negative actual outcomes. Also, the factors perceived as enablers of the business value of
BIM were posing as challenges and were highly interdependent.

Paper 2 A Proposed BIM Business Value Model

To interpret the perceptions of the business values of BIM in Paper 1, Paper 2 applied the
theory of the business value of IT. Comparing the perceptions with the understanding of the
business value of IT as mainly the financial and strategic impact of IT on business processes
and organizational performance (e.g. Melville et al 2004, Kohli and Grover 2008) showed that
the perceptions of the business value of BIM related more to perceptions and expectation of
BIM on an individual and project level, rather than a business process and organizational
level, and that they were associated with challenges and added costs. It also showed that the
challenges associated with the business value of BIM must be better understood from a multi-
level perspective, such as from the perspective of the IT Business Value Model (Melville et al
2004). The findings also showed a need for understanding the challenges from a wider
industry perspective, including the international perspective (see Paper 3) and client
perspective (see Paper 4).

Paper 3 The Impact of Experiential Knowledge of BIM on the Perceived Business Value
of BIM

Paper 3 quantitatively explored how international AEC industry actors perceived the business
value of BIM in an ongoing BIM project. Two categories of business values of BIM emerged:
project progress related (managing project managerial issues) and project outcome related
(managing efficiency and optimization).The perceptions were also impacted by the
respondents” experiential knowledge of BIM including having had prior experience in
managing various implementation challenges. Comparing the findings with the factors and
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capabilities that are described as enablers of the business value of IT (e.g. Melville et al 2004,
Kohli and Grover 2008) suggested that these were currently being described in terms of
challenges rather than enablers. The findings also suggested that the challenges associated
with the business value of BIM and of the BIM implementation itself would need to be better
understood before paying attention to enablers of the business value of BIM.

Paper 4 Challenges When Implementing BIM for Industry Change

At the public client, the business value of BIM was perceived as both desirable future
outcomes (ex-ante) and actual outcomes (ex-post). Project managers perceived actual
outcomes in terms of positive effects on project performance (e.g. fewer errors and rework)
and negative effects of added costs from implementation challenges. The majority of the
perceptions was in terms of challenges and associated added costs. The IT Business Value
Model (Melville et al 2004) was used to interpret these challenges. The multi-layered and
open systems model accounted for the major impact of the public client on its suppliers. It
allowed for understanding the public client’s BIM implementation as an I1T-supported change
processes and for understanding how the intra and inter organizational changes that are
described as enablers of business value in Melville et al (2004) posed as intra and inter
organizational challenges in the case of the public client. One challenge related to evaluating
the business value of BIM and another to demanding BIM in procurement. There were,
however, also social and cognitive aspects in the empirical material which the IT Business
Value Model could not explain.

Paper 5 BIM research: Common perspectives and implications for future research

The notion of how the theory of the rational and process-oriented theory of the business value
of IT could not help interpret the social and cognitive aspects of the perceptions of the
business value of BIM resulted in a search for alternative theories and in an interest in
understanding what perspectives and theories dominate in current BIM research. Paper 5 thus
aimed to build an argument for broadening the research on BIM. An analysis of the
knowledge interest in high impact BIM articles using Habermas (1971) and Trist and
(Bamforth 1951) showed that most articles had a technical knowledge interest. Few had a
practical knowledge and even fewer had an emancipatory knowledge interest. The findings
also discussed the implications of a dominating technical domain exercising power and
influence (hegemony) (Gramsci 1988, Bourdieu 1991) in BIM research including the
understanding of the business value of BIM. Thus it is important to understand the business
value of BIM from other perspectives, such as the socio-technical perspective (Paper 6).
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Paper 6 The role of the public client in the social construction of BIM

Paper 6 examined the role of the public client in the social construction of BIM and what role
the business value of BIM played in a socio-technical context. Drawing onTAM2 (Venkatesh
and Davis 2000) suggested that the acceptance and rejection of BIM was largely impacted by
whether the individuals, groups and networks perceived that the implementation of BIM as a
means for driving industry change was in line with their interpretation of the public client role
(social and cognitive influences) and less by arguments of business value of BIM (economic
influences). Other social and cognitive influence processes impacting the perceptions of BIM
and the acceptance or rejection of BIM included social norms, job relevance and image. The
understanding the acceptance and rejection of BIM among the individuals, groups and
networks of the public client also provided insights for understanding the role of the public
client as a social group on the social construction of BIM in the industry (SCOT). Using
SCOT (Pinch and Bijker 1984) as support for discussing the implications of the findings from
TAM2 suggested that the public client’s role in the social construction of BIM was twofold;
one promoting an acceptance of the implementation of BIM as a means for driving industry
change and one promoting a rejection of it.

4.2  The perceived business value of BIM

The findings show that the perceived business value of BIM (RQ1) among the three informant
groups was in terms of desirable future outcomes of BIM (ex-ante) (section 4.2.1) and actual
outcomes of BIM (ex-ante). The perceptions of the actual outcomes of BIM related both to
challenges and added costs (section 4.2.3) and positive outcomes on project progress and
project outcome (section 4.2.2). The desirable future business values of BIM were however
perceived to currently not be realized due to the challenges and associated costs of the BIM
implementation. The challenges also impacted the perceptions of project progress and project
outcome related business values of BIM. The perceptions of the business value of BIM related
to both an individual and project level (e.g. by project managers) and a business process and
organizational level (e.g. by business unit managers).

The findings to RQ1 called for theoretical frameworks that regard the interdependencies
among the actors in the AEC industry and the multi-layered context in which the business
value of BIM was perceived. Thus, the theory of the business value of IT (e.g. the IT Business
Value Model) was used as theoretical lens for interpreting RQL1.

4.2.1 Desired future effects of BIM(ex-ante perspective)
) Swedish AEC industry actors

Among Swedish AEC industry actors the business value of BIM was perceived in terms of
future desirable effects, such as more visual communication and planning, fewer errors and
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rework, higher quality and more efficient maintenance. However, these were only expected to
be realized once the challenges of BIM were managed. The factors that were described as
enablers of the desirable business values were described to currently pose as challenges.
Comparing the perceptions of the future desirable business values of BIM with the
understanding of the business value of IT as also including the capabilities and enablers of
business value (e.g. Melville et al 2004, Kohli and Grover 2008) showed a need for further
understanding the challenges associated with perceptions of the business value of BIM

i) Swedish public infrastructure client

Also at the public client, the business value of BIM was perceived as desirable future effects
that were hindered by the challenges of BIM implementation. There were however some
differences among individuals and departments. For example, the BIM competence group
(conducting a top-down implementation) expected positive economic effects of BIM on
project performance that could eventually be measurable, including a lower spread in
tendering bids, less errors and rework, increased worksite safety, earlier completion times,
lower costs of drawings and fewer appeals. These had however been difficult to evaluate as it
was difficult to isolate any effects to the implementation of BIM. Among BIM pilot project
managers, project managers and implementation managers of Major Projects and Investment
Projects (conducting a bottom-up implementation), expectations of future desirable business
values related more to an individual and project level such as individual project managers and
their management of projects. Among business unit managers and operations managers of
Major Projects and Investment Projects, the perceptions also related to a business process and
organizational level including expectations on BIM to positively effects and change current
business models and strategies, work practices and decision making. A few projects managers
of Major Projects had also perceived actual outcomes (ex-post) in terms of perceptions of
positive effects on project performance, while the majority of project managers of Investment
Projects perceived actual outcomes in terms challenges and added costs.

4.2.2 Project progress and projects outcome related effects (ex-post perspective)
i) International AEC industry actors

The international industry perspective provided perceptions of actual outcomes of BIM (ex-
post perspective). Two categories of perceived business values of BIM in ongoing projects
had been perceived. The first were project progress related and associated with managing and
minimizing project managerial issues such as improved coordination, reduced conflicts,
improved communication and increased client satisfaction. The second were project outcome
related and associated with managing efficiency and optimization including lower costs,
earlier completion times and improved energy performance. The project progress related
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business values were more statistically significant and there was an overall better
understanding of the project progress related business values than the project outcome related.

4.2.3 Challenges and added costs (ex-post perspective)

i) Swedish AEC industry actors

The perceptions of the desired future business vales of BIM were also perceived to be
hindered by the current challenges of implementing BIM. These translated into extra costs on
both the individual and project level and the business processes and organizational level.
These related to high investment costs, costly software updates, additional education,
increased complexity and risk. Also, the factors that were perceived to be prerequisites for
business value creation were also perceived to currently pose as challenges including a lack of
incentives for BIM and a resistance to change. These perceptions provided a contrast to the
understanding of the business value of IT (e.g. Melville et al 2004, Kohli and Grover 2008) in
that the business value of BIM was also interpreted as costs and challenges, and not only as
“values” of positive effects on organizational performance (see section 4.3).

ii) International AEC industry actors

Also among the international AEC industry actors, the perceptions of the project progress
related and project outcome related business values of BIM were impacted by the
respondents” experiential knowledge of BIM of various implementation challenges including
a resistance towards change, high investment costs and costly software upgrades. The
respondents” experiential knowledge of BIM impacted how the project progress and project
outcome related categories of the business value of BIM were perceived. Having had prior
experience in managing BIM implementation challenges was an important challenge and
further supported the need for better understanding the challenges associated with the
business value of BIM in order to be able to reflect on and problematize the current rational
and normative understanding of the content and perspective of the business value of BIM (see
section 4.3).

iii) Swedish public infrastructure client

The need for extending the theoretical understanding of the content and perspective of the
business value of BIM was further illustrated when the IT Business Value Model (Melville et
al 2004) was used to interpret the perceptions of the business value of BIM at the public
client. The model allowed for understanding the public client’s BIM implementation as an
IT-supported change processes. However, the intra and inter organizational changes described
in the model as enablers of the creation of business value across the firm, industry and macro
level, such as changing work practices, policies, business models and roles, emerged in the
interviews and observations, but were described and talked about in terms of challenges and
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difficulties rather than as enablers. These included challenges in changing current work
practices, challenges in changing roles etc. One particular challenge related to evaluating the
business value of BIM and another to demanding BIM in procurement (see section 4.3).

4.3  The enablers of and challenges to the business value of BIM

When the respondents among the Swedish AEC industry actors and the Swedish public
infrastructure client were asked how they interpreted and perceived the term business value of
BIM in interviews, the they briefly described their perceptions of the business value of BIM
and instead chose to focus on describing the challenges, difficulties and obstacles they had
encountered when trying to implement BIM for business value. The factors that were
described as enablers to the future desirable business values of BIM were also described to
currently pose as challenges (RQ2). The challenges related to both an individual and project
level and a business process and organizational level. For example, among the Swedish AEC
industry actors and the public client, challenges related to individual project managers and
their management of projects and to business unit managers and their work with trying to
create conditions for the BIM implementation within a unit or department (e.g. changing
current business models and work practices).

The common perceptions across the three informant groups of the business value of BIM as
the desirable future effects of BIM currently being hindered by BIM implementation
challenges and the associated costs illustrated a need for increasing the understanding of the
challenges associated with the business value of BIM (RQ2). The challenges and the
associated costs were often described to pose as barriers to the realization of the respondents”
perceptions of the future desirable business values of BIM. Challenges associated with the
business value of BIM were understood when comparing the perceptions of the business value
of BIM with the understanding of the business value of IT as also including the factors and
capabilities that enable the creation of business value (e.g. developing strategies, business
processes, competencies and skills) (Melville et al 2004, Kohli and Grover 2008, Cao 2010,
Grover and Kohli 2012) and seeing how these factors and capabilities were described by the
respondents, not in terms of “enablers”, “conditions” or “prerequisites’, but in terms of
“challenges”, “difficulties” and “ obstacles”. That is, the enablers to the future desirable
business value of BIM were perceived to currently pose as challenges and barriers to the
future desirable business value of BIM.

Among the three informant groups, certain categories of challenges associated the business
value of BIM emerged. The IT Business Value Model by Melville et al (2004) and its open
systems understanding of the creation of business value as an interdependent and multi-
layered process dependent on inter organizational change helped in identifying and
categorizing the challenges. The factors and capabilities that were described as enablers of
business value of IT in Melville et al (2004), including intra and inter organizational change,
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emerged in the empirical material but in terms of challenges and not enablers across the three
informant groups. Using the IT Business Value Model (Melville et al 2004) (see analysis of
empirical material in sections 3.4.1 — 3.4.3), ten categories of challenges associated with
trying to implement BIM for business value were identified across the three informant groups.
These were interdependent and of both intra and inter organizational nature.

. Changing work internal practices

. Education and learning of BIM

. Developing a common definition of BIM

. Evaluating the business value of BIM

. Demanding BIM in procurement

. Creating incentives for BIM implementation
. Implementing BIM in maintenance

. Changing and creating new roles

. Managing a lack of interoperability

10. Lack of top management support

© 00 N O O & W N P

43.1 Changing work internal practices

The Swedish AEC industry actors argued that the major business value of BIM lies in
changing of organizational structures and traditional work practices. However, this was also
perceived to currently be a major challenge. The business value of BIM was perceived to
currently depend on individual BIM enthusiastic project managers changing their own work
practices and acting as change agents rather than on any overall industry-wide change
initiatives. There were also weak incentives for managers to redesign organizational
structures, routines and business models to be aligned with BIM — based work practices. A
strong traditional culture and skepticism towards new ways of working also hampered any
long-term change. An important factor for business value creation was that BIM would have
to be perceived as useful to the current day-to-day work.

Among the international AEC industry actors, having experience in managing resistance
towards change also impacted perceptions of business value. Also, at the public client a major
challenge of implementing BIM for business value creation was changing the work practices
of internal project managers and suppliers. The BIM competence group revised the steering
documents governing internal project managers to include BIM — based work practices and
the procurement contracts to include demands on BIM to suppliers. However, implementing
such IT-supported change process (Melville et al 2004) was challenging. The project
managers who were to implement the revised steering documents and procurement contracts
found the changes fuzzy, incomplete and confusing and often disregarded them.
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4.3.2 Education and learning of BIM

The Swedish AEC industry actors perceived challenges from an increased complexity from
BIM and the need to provide additional education and training. The education would need to
be relevant to project managers’ daily work. An overall competence development of the
industry was a prerequisite for business value creation with BIM. It would depend on inter-
organizational collaboration and sharing of best practice, knowledge and routines across
industry actors. At the public client, a lack of education of BIM was important for
implementing BIM for business value. The BIM competence group thus assigned BIM pilot
project with BIM coordinators for additional support. As there was an initial lack of BIM
competent available in-house staff, some projects were assigned external BIM coordinators
(consultants). Later, education in BIM was provided for internal staff and more internal BIM
coordinators were assigned. Still, many project managers argued that the public client must
develop an internal BIM competence and not rely on consultants to educate them on BIM.

4.3.3 Developing a common definition of BIM

Among the international AEC industry actors, the manner in which BIM was defined and
understood impacted the perceptions of the business value of BIM. Having a more holistic
understanding of BIM and defining BIM as a process rather than a technology or tool was
related to positive perceptions of the project progress related business values of BIM. At the
public client, a lack of a common and mutual definition of BIM was a challenge. The BIM
competence group aimed to develop a mutual and accepted definition of BIM to communicate
internally. BIM pilot project managers argued that a better understanding of the extent to
which BIM was used by internal project managers would need to be developed first. At Major
Project, there was also often a more holistic definition of BIM than at Investment Projects.
Project managers found that the lack of a joint and mutually accepted definition of BIM had
contributed to some projects not using BIM and in a subsequent skeptism towards the term
business value of BIM. Different definitions and expectations on BIM also created
misunderstandings and extra costs both internally and for suppliers. A set of criteria for
defining BIM was later developed by the BIM competence group.

4.3.4 Evaluating the business value of BIM

The Swedish AEC industry actors argued that there is a need for a business case for BIM with
clear and reliable arguments for the business value of BIM to convince skeptical project
managers and offset some of the persistent and strongly rooted traditional misbeliefs towards
new technology. Otherwise there is no reason for changing something that already works
‘good enough’. The argument was often that the major future potential business value of BIM
was in maintenance. However, making such evaluations was difficult as there were few such
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examples to evaluate. The response from project managers to such economic arguments was
also uncertain.

Initially, there was a need for justifying the BIM implementation at the public client by
demonstrating the business value of BIM. However, it was difficult to discern any economic
effects of BIM on project performance and to isolate any effects to BIM. Together with a lack
of time, resources and heavy workload this was used as argument against BIM by skeptical
project managers. Project managers also found it difficult to evaluate the effects of BIM on
project performance. The evaluations were experience-based and tied to certain key
individuals. Some also found BIM to disrupt their daily project management and to add costs.
Others perceived that any potential business values of BIM often fell to the contractors who
then passed on their internal costs for implementing BIM onto the public client.
Implementation managers, business unit managers and operations managers also perceived
that the future potential business value of BIM was hindered by challenges and added costs in
unclear specifications in procurement contracts and in the different definitions of BIM. The
impact of arguments of increased business value of BIM for individual project managers was
also questioned by some business unit managers and operations managers.

4.3.5 Demanding BIM in procurement

One major challenge associated with the business value of BIM related to a lack of demand
for BIM from clients. Among the Swedish AEC industry actors, a hinder towards the
realization of the desired future business value of BIM was a lack of demand for BIM from
owners and clients. But it was also challenging for the consultants and contractors to
encourage their clients to start making demands on BIM to them it would require the
consultants and contractors themselves would have to change their own business models and
strategies accordingly. The price pressure and lowest-bid mentality currently driving the
procurement process of the Swedish AEC industry was also perceived to hinder making
demands on BIM in procurement. Moreover, BIM did not currently have legal status over
paper drawings. In the international perspective, a lack of client demand for BIM was also a
challenge. However, having had experience in managing challenges arising from a lack of
client demand positively correlated with the project progress related business value of BIM.

The aim of the public client’s implementation of BIM was to drive industry change,
innovation and productivity by changing the work practices of internal project managers and
suppliers. The BIM competence group revised the steering documents governing work
practices of internal project managers to include more BIM - based work practices. The
procurement contracts were also revised to include more demands on BIM-based work
practices from suppliers. However, several challenges emerged. The BIM competence group
found it difficult to formulate the requirements to the steering documents and procurement
contracts. It was also difficult to follow up that the new requirements were actually followed
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by project managers and suppliers. Implementation managers and BIM pilot project managers
of Investment Projects also indicated difficulties with implementing the revised procurement
contracts demanding BIM from suppliers. The requirements were difficult to understand for
both the project managers and their suppliers. Project managers would have to put time and
effort on directing their suppliers. In other cases, the revised procurement contracts were
complemented with additional contracts or simply put aside in favor of earlier contracts
versions not demanding BIM. The new procurement contracts provided suppliers with
detailed requirements and instructions on how to work with BIM. Among project managers
and implementation managers at Investment Projects, this was perceived to clash with the
other ongoing change initiative of becoming a more professional client and using less detailed
contracts specifications. Some project managers also prioritized the professional client role.

4.3.6 Creating incentives for BIM implementation

An important prerequisite to the business value of BIM among the Swedish AEC industry
actors was creating incentives for BIM. This was however challenging due to the low-bid
mentality in the industry and tight budgets and schedules. Project managers had no incentives
to change their preferred work practices. There were no clear incentives for project managers
responsible for project time, cost and quality to work with BIM, increase the risks and
uncertainties and thereby jeopardize project fulfilment. For management, there were also
weak incentives for changing the current organizational structures and business models. This
was also a challenge at the public client. While many BIM pilot project managers perceived
the lack of additional resources for BIM from top management a challenge, the BIM
competence group did not focus on this challenge. Instead, they tried to create motivation by
interacting with the industry and attending BIM networks, conferences and seminars. The
incentives for implementing BIM had often came from individual BIM enthusiastic project
managers or suppliers. The examples of best practice and business value were also not
applicable to Investment Projects as they came from either housing or internal mega projects.

4.3.7 Implementing BIM in maintenance

While the Swedish AEC industry actors perceived the business value of BIM as desirable
future positive impacts of BIM on project performance, the major future potential business
value of BIM was perceived to lie in use of BIM in maintenance. This would include positive
economic impacts from a more efficient management of information during the life cycle.
However, BIM was often not perceived as such long-term investment but rather as a short-
term investment costs. The public client also perceived the major business value of BIM to be
in the long-term contribution to maintenance. However, involving the maintenance
department in the implementation had been difficult due to resistance towards BIM and that
other ongoing change initiatives were prioritized at maintenance. BIM pilot project managers
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who had implemented BIM on their own initiatives further argued that the responsibility for
including maintenance had fallen to a few engaged project managers.

4.3.8 Changing and creating new roles

The Swedish AEC industry actors also associated the business value of BIM with challenges
related to creating and changing current roles. The additional risks and costs associated with
experimenting with BIM created a need for developing new expert roles, such as the BIM-
coordinator. The BIM coordinator was also perceived to be the future service and product to
client of many consultants and the main source from which the business value of BIM would
be generated. The project managers' role would also likely extend to “information managers’”.
At the public client, the new role of the BIM coordinator was an important role for the
implementation of BIM. BIM coordinators not only aided the project managers but also took
active part in developing the new procurement contracts. They also supported the BIM
competence group with feedback from the BIM pilot projects. This was seen by some project
managers as a redistribution of power from project managers to BIM coordinators. Project
managers also argued that BIM challenged the traditional the role of the project manager
which could create a resistance towards BIM.

4.3.9 Managing a lack of interoperability

A lack of interoperability between software applications was seen as a major challenge to
business value of BIM across the three informant groups. The Swedish AEC industry actors
argued the creation of business value of BIM not only depended on project actors being able
to work together and communicate, but also that the different software applications could do
the same. The temporary relationships and the lowest-bid process however implied a loss of
crucial information between project phases and actors and resulted in high investment costs
and costly software upgrades. Costly BIM installations and upgrades also negatively impacted
the perceptions of the business value of BIM among the international AEC actors. A lack of
interoperability also caused challenges to business value at the public client. The BIM
competence group spent much time, resources and efforts on managing this challenge by
participating in BIM networks trying to develop common industry wide standards.

4.3.10 Lack of top management support

The Swedish AEC industry actors also perceived a lack of top management support in terms
of a lack of additional funds, education and resources for implementation to challenge the
desirable future business value of BIM. A lack of top management support also related to
negative perceptions of the business value of BIM among the international industry actors.
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4.4  Social and cognitive aspects of the business value of BIM

Using the IT Business Value Model to pursue RQ1 (section 4.2) and RQ2 (section 4.3) helped
in developing an understanding the perceptions of the business value of BIM and for
understanding how the intra and inter organizational changes that are described as enablers of
business value creation were posing as intra and inter organizational challenges to the
business value of BIM. However, there were certain patterns and phenomena in the empirical
material that were of social and cognitive nature related to individuals, groups and networks
that the model could not explain. This resulted in a search for alternative theories and in an
interest for examining what perspectives dominate in BIM research (section 4.5).

4.5 The impact of a dominating technical perspectives in BIM research
on the understanding of the business value of BIM

In a review of the knowledge interest in current BIM research (RQ3), a technical knowledge
interest dominated. It was followed by a practical knowledge interest but a lack of a critical
knowledge interest (Habermas 1971).The majority were also pursued from technological
determinism assuming that technology is what impacts society and humans behaviors. Only a
few drew on social constructivism and the socio-technical perspective (Trist and Bamforth
1951) and even fewer drew on reflection and criticism. By limiting research on BIM to a
technical knowledge domain and technical and rational theories, these knowledge interest and
perspectives gain influence and power over how BIM is theoretically understood and thus
exercise hegemony (Gramsci 1988, Bourdieu 1991). They may also reinforce the use of the
technical knowledge interests and perspectives. This is important as the research community
plays an important role in the understanding and development of BIM by being in a position
to decide what is relevant to study and not to study. Thus, it is important to broaden the
research on BIM to include more practical and critical knowledge interests and perspectives,
such as the socio-technical systems theory. This would not only contribute to better
theoretical understanding of BIM, but also challenge the technical and normative tradition that
dominates in BIM research and that neglects the social and cultural dimensions of BIM.

The dominating technical knowledge interest and perspective also has power and influence
(hegemony) (Gramsci 1988, Bourdieu 1991) on how the business value of BIM is understood.
This is illustrated in the how the positively biased understanding of the business value of BIM
promoted by commercial industry actors (McGraw-Hill 2009, 2010, 2012) has gained large
influence on how the business value of BIM is understood by researchers (e.g. Succar 2009,
Becerik-Gerber and Rice 2010, Barlish and Sullivan 2012, Eadie et al 2013). The business
value of BIM has mainly been understood from a dominating technical knowledge supporting
rationalism and positivism (Habermas 1971). This further supports the need for reflecting,
problematizing and extending the theoretical understanding of the content and perspective of
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the business value of BIM by a practical knowledge interest and a socio-technical perspective
(section 4.6).

4.6  The role of business value of BIM in a socio-technological context

In understanding the perceptions of the business value of BIM, the theory of the business
value of IT (e.g. Kohli and Grover 2008, Grover and Kohli 2012) including the IT Business
Value Model (Melville et al 2004) helped to understand how the perceptions related to
desirable future effects (ex-ante perspective) and current challenges and associated costs (ex-
post perspective). The IT Business Value Model (Melville et al 2004) allowed for
understanding the intra and inter organizational challenges associated with the business value
of BIM. However, there were certain pattern and phenomena in the empirical observations
that the IT Business Value Model could not explain. These were of social and cognitive
nature and related to attitudes, beliefs, expectations and perceptions about BIM of individuals,
groups and social networks. These seemed to be formed, promoted and supported in a social
context. For example, the attitudes, beliefs, expectations and perceptions about BIM among
project managers of Investment Projects seemed to be collectively formed and be influenced
by the attitudes, beliefs, expectations and perceptions about BIM of other fellow project
managers, supervisors and other colleagues at Investment Projects. Although the IT Business
Value Model (Melville et al 2004) provided important insights into understanding the intra
and inter organizational challenges to the business value of BIM among these individual,
groups and networks, the rational, economic and process-oriented focus of the model (e.g. on
business processes and co-creation of business value) could not explain these social and
cognitive dimension of the business value of BIM. This resulted in a search for alternative
theories, such as the socio-technical systems theory. The review of the knowledge interest in
current BIM research further suggested adding the socio-technical systems theory to extend
the theoretical understanding of the business value of BIM and business value of IT. AEC
researchers (Sackey et al 2014, Miettinen and Paavola 2014) and IS researchers (Orlikowski
and lacono 2001, Benbasat and Zmud 2003, Lee et al 2008) have also called for the socio-
technical systems perspective. To extend the theoretical understanding of the content and
perspective of the business value of BIM, the role of the business value of BIM from in a
socio-technical context was examined (RQ4).

4.6.1 The role of the business value of BIM in the acceptance and rejection of BIM

Drawing on TAM2 (Venkatesh and Davis 2000) to interpret the perceptions of the public
client’s implementation of BIM suggested that the business value of BIM (i.e. economic
factors) played a small than anticipated role in the diffusion and acceptance of the BIM
implementation. Instead, social and cognitive factors related to the individuals”, groups” and
networks” expectations, beliefs, attitudes and social norms about BIM were of major
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significance. One such important factor related to the beliefs, expectations and interpretations
of the public client role and mission (in Svensk forfattningssamling 2010:185, 2 § line 10).
The main argument for the BIM implementation promoted by the BIM competence group was
that the public client should implement BIM in order to drive industry change, innovation and
productivity. The acceptance and rejection of this argument and of the BIM implementation
among the individuals, groups and social networks of Major Projects and Investment Projects
largely depended on their perceptions of whether such an implementation was in line with
their interpretations of the public client’s role and mission. The individuals, groups and social
networks of Major Projects interpreted the public client’s role included actively driving
industry change and largely accepted the argument for BIM. In contrast, the individuals,
groups and social networks of Investment Projects interpreted the public client role was to
encourage industry change and not to drive and demand it, and largely rejected the argument
for BIM.

Other social and cognitive influence processes (Venkatesh and Davis 2000) impacting the
perceptions of BIM and the acceptance or rejection of BIM. Major Projects had been able to
implement BIM in a manner that drove industry change due being mega projects and their
size, autonomy and resources which created conditions for implementing the revised
procurement contracts demanding BIM from suppliers. There was thus a positive social
influence of voluntariness and a positive cognitive influence of job relevance and output
quality on the perceptions of BIM (Venkatesh and Davis 2000). The head of unit of Major
Projects had also endorsed the implementation, further supporting a positive influence of
subjective norm on image (Venkatesh and Davis 2000). At Major Projects, the business value
of BIM played some role. A few BIM pilot project managers perceived some actual outcomes
of BIM on project performance. Fewer errors and rework, faster completion times and lower
costs were attributed to the implementation of BIM. The few examples of perceptions of the
business value of BIM as actual outcomes were experience-based and depended on
perceptions of individual project managers. Still, the examples suggest that the business value
of BIM had some positive cognitive influence on result demonstrability and the acceptance of
BIM (Venkatesh and Davis 2000).

In contrast, project managers of Investment Projects managed smaller project and had to
follow the same work practices, leaving little room for experimentation with BIM. The
implementation was taking place top-down manner where project managers were required to
use the new procurement contracts demanding BIM, suggesting a negative social influence of
involuntariness on perceptions of BIM (Venkatesh and Davis 2000). However, while some
project managers interpreted this requirement as a sign that top management prioritized the
BIM implementation (suggesting a positive social influence on subjective norms and
cognitive influence on job relevance), the majority perceived that top management prioritized
the other parallel change initiative of becoming a more professional client (suggesting a
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negative social influence on social norms and image) (Venkatesh and Davis 2000). At
Investment Projects, the business value of BIM played a small role. Project managers often
found it difficult to perceive the usefulness of BIM to their daily work and arguments of
increased business value from BIM from other mega projects had little impact on their
perceptions of BIM, suggesting a negative cognitive influence of job relevance and output
demonstrability (Venkatesh and Davis 2000). It had also been difficult for many project
managers to use the new procurement contracts that were complex and confusing.

4.6.2 The role of the business value of BIM in the social construction of BIM

Understanding the acceptance for a technology among the individuals, groups and network of
such an influential actors in the Swedish AEC industry as the public client is important for
understanding how the public client as a social group may shape the design and use of BIM in
the industry. The insights from applying TAM2 to the public client can thus be useful for
understanding the role of the public client in the social construction of BIM (SCOT) in the
Swedish AEC industry (Pinch and Bijker 1984). Using SCOT a support for discussing the
implications of the findings from applying TAMZ2 to the public client suggested that the
public client’s role in the social construction of BIM was twofold; one promoting an
acceptance of BIM in the industry and on promoting a rejection.

The social and cognitive influence processes of TAM2 (Venkatesh and Davis 2000) suggested
that there was both an acceptance and a rejection of the public client implementing BIM as a
means to drive industry change. Drawing on the SCOT (Pinch and Bijker 1984), this would
suggest that there are two competing sociological explanations (Pinch and Bijker 1984) for
BIM at the public client: one accepting the implementation of BIM as a means for the public
client to drive industry change (BIM competence group and Major Projects) and one rejecting
it (Investment Projects). Public clients have a large influence on the actors in the industry via
their ability to make demands on BIM in procurement (Linderoth 2010, Wong et al 2011,
Bosch-Seijtsema et al 2017).The public client may thus fill an important role in the social
construction of BIM (Pinch and Bijker 1984). The two conflicting sociological explanations
for BIM at the public client may have different implications for its role in the social
construction of BIM (Pinch and Bijker 1984).

The sociological explanation promoting an acceptance of the BIM as a means for driving
industry change at a department that conducts large, unique and complex projects (Major
Projects) implies that the public client may have a large impact on the social construction of
BIM via its ability to create opportunities for changing work practices, roles, attitudes and
behaviors and culture of its suppliers. However, the sociological explanation promoting a
rejection of the implementation as a means for driving industry change at a department that
conducts the majority of the reinvestment projects and the procurement with industry actors
(Investment Projects) may also have a significant impact on the public client’s role in the
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social construction of BIM. On one hand, project managers of Investment Projects are able to
exert an influence on the social construction of BIM in the industry by using the procurement
contracts demanding BIM from suppliers. On the other hand, they also exert an “informal”
influence in the social construction of BIM through their daily interactions and
communications with their suppliers. In this social context, the project managers” rejection of
the BIM implementation may have influence on their suppliers. For example, project
managers perceived difficulties with actually using the new procurement contracts which
caused confusion and misunderstands among suppliers. In a social context, these perceptions,
expectations and beliefs about BIM are communicated together to and with suppliers in social
networks and are also important in the social construction of BIM.

5. Extending the theoretical understanding of the content and
perspective of the business value of BIM

The expectations on BIM for increased efficiency and innovation in the AEC industry are
high in both industry (Vinnova 2016) and practice (Succar 2009, Crotty 2013). These
expectations are reflected in the rational, positive and process-oriented theories and
perspectives that dominate in BIM research. The high expectations on BIM are also reflected
in an increasing for the business value of BIM. The term business value of BIM was
introduced to the AEC industry and research by industry actors with a commercial interest in
promoting an increased use of BIM (McGraw-Hill in cooperation with BIM consultants and
software suppliers). In their reports, McGraw-Hill promote the business value of BIM in a
positive and rational manner and the focus is on promises of increased efficiency and
productivity. This positively biased understanding of the business value of BIM has been
widely used and gained large influence on AEC research (e.g. in Succar 2009, Becerik-Gerber
and Rice 2010, Barlish and Sullivan 2012, Eadie et al 2013). It characterizes the manner in
which the business value of BIM is understood by AEC researchers and its origin and purpose
is seldom reflected on. The reports promoting the term are also referred to in a manner that
equivalents them with academic research. Thus, the positively biased understanding of the
business value of BIM promoted by commercial industry actors can be described to exercise
hegemony on AEC research meaning that is exerts influence and power on the manner in
which the business value of BIM is understood, contextualized and developed by AEC
researchers (Gramsci 1988, Bourdieu 1991). Thus, there is a need for reflecting on,
problematizing and extending the theoretical understanding of the content and perspective of
the business value of BIM. This need is further motivated by the lack of a theoretical
understanding of the business value of BIM (despite the increasing interest in research and the
body of knowledge on the business value of IT available from IS research).

This thesis aimed to contribute with theory development of the understanding of business
value of BIM in AEC research and of the business value of IT in IS research. By combining
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the theory of the business value of IT (e.g. IT Business Value Model) with socio-technical
systems theory (e.g. TAM2), a social and cognitive dimension was added to the understanding
of the business value of BIM and the business value of IT. The two theories were both
developed from open systems theory and shared the understanding of how an entity, such as
an organization or firm in the theory of the business value of IT, or an individual, group or
network in the socio-technical systems theory, impacts and is impacted by its external
environment. It was however their differences in their perspectives and conceptualization of
IT, unit of analysis and interpretation of the external environment that complemented each
other when being combined and that allowed for a reflection, problematization and extension
of the theoretical understanding of the content and perspective of the business value of BIM
and business value of IT (section 3.1).

The theoretical relevance and contribution of extending the understanding of the content and
perspective of the business value of BIM is discussed in sections 5 and 6. The practical
implications for industry are discussed in section 5.7

5.1 Distinction between desired outcomes and actual outcomes

This thesis has showed a distinction between perceptions of desirable future business values
of BIM (desired outcomes) (ex-ante perspective) and current perceptions of challenges and
added costs (actual outcomes) (ex-post perspective). This distinction is important as it is a
contrast to how the business value of BIM is understood and promoted in AEC practice and
research. The business value of BIM has previously been associated with mainly positive
economic effects from having implemented BIM in large and unique projects (ex-post), such
as an increased on return on investment (McGraw-Hill 2009, 2010, 2012). This understanding
of the business value of BIM in McGraw-Hill (2009, 2010, 2012) also characterized how the
business value of BIM is described by AEC researchers (e.g. Succar 2009, Becerik-Gerber
and Rice 2010, Barlish and Sullivan 2012, Eadie et al 2013). Thus, the ex-ante perspective of
the perceived business value of BIM related to future desired effects and also challenges and
costs, provides an important contrast to the current understanding of the business value of
BIM in AEC research. This contrast is important as it conveys that the implementation of
BIM may not always be straightforward and not always be associated with “values”.

The distinction between perceptions of future desirable outcomes (ex-ante) and actual
outcomes (ex-post) also contributes to the understanding of the business value of IT. The
business value of IT has largely been understood from an ex-post perspective as the actual
outcomes and impacts of IT on organizational performance including both the economic
impacts such as productivity enhancement, profitability improvement, cost reduction and
competitive advantage, and the non-economic impacts including redesigned business
processes and organizational structures (Mukhopadhyay 1997, Berghout and Renkama 1997,
Mooney et al 1996, Melville et al 2004, Kohli and Grover 2008). Thus, the ex-post
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perspective of the business value of BIM in this thesis also contributes with an extended
theoretical understanding of the content of the business value of IT.

5.2 Perceptions of challenges associated with added costs

Both the Swedish AEC industry actors and of the public client mainly perceived the business
value of BIM as challenges and associated costs (ex-post). The respondents spent a brief
couple of minutes on describing their expectations of future desirable business value of BIM
and spent the remaining of the interviews on describing how they currently perceived the
business value of BIM in terms of challenges and added costs. Again, this is in contrast to
how the business value of BIM is understood where the term is characterized by rationalism
and positivism and associated with value-laded words indicating inherent value such as
“overall value’, “internal benefits”, “business benefits”, “business value” and “player value
(McGraw-Hill 2009, 2010, 2012, Succar 2009, Becerik-Gerber and Rice 2010, Barlish and
Sullivan 2012). Associating the business value of BIM with “future”, “desired”, “challenges’
and “costs” has inherent meaning as it suggests that the perceptions of the business value of
BIM might not be as rational and positive as has typically been promoted. It also invites to an
increased reflection and problematization of the rational and positive content and perspective
that has characterized the theoretical understanding of the business value of BIM.

Comparing the perceptions of the business value of BIM as challenges and added costs with
the understanding of the business value of IT provides another contrast. The business value of
IT is not only understood as the economic and non-economic impacts of IT on organizational
performance but also as the organizational factors and capabilities than enable the creation of
business value of IT related to strategizing, developing business processes, competencies and
skills etc (Melville et al 2004, Kohli and Grover 2008, Grover and Kohli 2012, Cao 2010).
What is important in this context is how the business value of IT is contextualized. The focus
on the enabling factors and capabilities of the creation of business value reflects that the
underlying view of IT is that it is unproblematic once it has been implemented. There is less
focus on describing these factors and capabilities in terms of challenges and hinders of
business value creation. The understanding of the business value of BIM in this thesis as
mainly challenges and the associated problematize the theoretical understand of the business
value of IT and the business value of BIM. The numerous and highly interdependent
challenges to the business value of BIM that related to both the individual and project level
and the business process and organizational level and that were formed in a complex socio-
technical context based on the attitudes, beliefs and expectations of individuals and social
networks contribute to problematizing the rational and optimistic theoretical understanding of
the business value of BIM and business value of IT. The problematization of the
understanding of the content and perspective of the business value of BIM and business value
of IT began when the factors and capabilities that are described as enablers of business value
of IT in the IT Business Value Model (e.g. intra and inter organizational changes) (Melville et
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al 2004) emerged as challenges (intra and inter organizational challenges) in the AEC context
(Swedish AEC industry actors and public client). The challenges associated with the business
value of BIM are important to understand as they provide a much needed contrast and balance
to the rational and positivistic theoretical understanding of BIM and the business value of IT
and support for a reflection and problematization of the theoretical perspectives used for
understanding the business value of BIM in AEC research. The reflection, problematization
and extension of the theoretical understanding of business value was continued when
combining the theory of the business value of IT with the socio-technical theory (section 5.5).

The ten categories of highly interrelated challenges associated with the business value of BIM
among the three informant groups also contribute with problematizing not only business value
but also the overall implementation of BIM in terms of project governance (e.g. challenges in
related to changing steering documents), procurement strategies (e.g. challenges related to
making demands on BIM in procurement), business development and reorganization (e.g.
challenges related to changing roles and providing incentives), competence development (e.g.
challenges in providing education) and in terms of the ability to act change agent.

Thus, this thesis contributes with extending the theoretical understanding of the content and
perspective of the business value of BIM and the business value of IT by contributing with a
cost dimension related to challenges.

5.3 The individual and project level is equally important

In the theoretical understanding of the business value of IT the focus is on the business
process and organizational level and actual outcomes (ex-post) of financial, operational and
strategic impacts (Melville et al 2004, Kohli and Grover 2008, Grover and Kohli 2012). There
has been less focus on the individual level and project level and perceptions of individuals and
groups (Kohli and Grover 2008, Cao 2010). The perceptions of the business value of BIM
related mostly to the individual and project level and thus contribute with another dimension
to the understanding of the business value of IT. The perceptions of desired future business
value of BIM among the Swedish AEC industry actors and the public client related to
individual project managers” perceptions and expectations of the desired effects of BIM on
their day-to-day project management, such as an improved communication among actors and
less time and effort having to be sent on coordinating work and administration. It had also
been difficult for the respondents to discern any business values related to actual outcomes in
terms of financial and strategic impacts on the business process and organizational level. The
perceptions were experience-based and tied to certain individuals and it had been difficult to
evaluate the business value of BIM in terms of actual outcomes on performance.

The individual and project related perceptions of the business value of BIM related to, for
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example improved communication and visualization, are particularly important in the AEC
industry context as the industry is based on the knowledge and experiences of individuals.
Thus, for those actually implementing BIM (e.g. project managers), the individual and project
related perceptions of the business value of BIM may be easier to relate to and understand
than those that are typically promoted in terms of increased return on investment, increased
profitability etc (McGraw-Hill 2009, 2010, 2012, Succar 2009, Becerik-Gerber and Rice
2010, Barlish and Sullivan 2012).

Thus, this thesis contributes with extending the theoretical understanding of the content and
perspective of the business value of BIM and the business value of IT by contributing with the
individual and project related dimension.

5.4  Project progress more important than project outcome

Relating to the individual and project related perceptions, project progress related business
values of BIM (related to the management of various project managerial issues) were more
important than project outcome related business values of BIM (related to managing
efficiency and optimization). Again, the project outcome related business values of BIM are
those that have been typically promoted in industry and research (McGraw-Hill 2009, 2010,
2012, Succar 2009, Becerik-Gerber and Rice 2010, Barlish and Sullivan 2012). The statistical
significance of the project progress related perceptions was significantly higher than for the
project outcome related perceptions, suggesting that the understanding of the effects of BIM
on project progress are larger than project outcome. The major business value of BIM in both
the national and international industry perspective seems to lie in the daily management of
projects such as improved coordination, reduced conflicts and less errors and mistakes. The
perceptions of the project progress related business values of BIM thus contribute with a
balance the positively biased understanding of the business value of BIM promoted by
commercial industry actors.

5.5 Contributing with the social and cognitive dimension

Most importantly, this thesis contributes with extending the understanding of the content and
perspective of the business value of IT in IS research and business value of BIM in AEC by
adding the socio-technical perspective and a social and cognitive dimension to the rational
and positivistic perspective characterizing the theoretical understanding of the business value
of IT and business value of BIM. The theoretical understanding of the business value of IT
builds on economic, rational and process- oriented perspectives such as the resource-based
view, microeconomics and industrial organization theory (Melville et al 2004, Cao 2010,
Kohli and Grover 2008, Grover and Kohli 2012). The theoretical understanding of the content
is largely in terms of the impact of IT on the financial, strategic and operational performance
of the firm including productivity enhancement, profitability improvement, cost reduction
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(Mukhopadhyay 1997, Berghout and Renkama 1997, Mooney et al 1996, Kohli and Grover
2008,Grover and Kohli 2012). In AEC research there is a lack of a theoretical understanding
of the business value of BIM. None the less the business value of BIM has still been
understood in AEC research in a rational and optimistic perspective which has been prompted
by commercial industry actors and its content in terms of economic impact related to overall
value’, “internal benefits”, “business benefits”, “business value” and “player value” including
an increased return on investment and increased profitability (McGraw-Hill 2009, 2010,
2012,Succar 2009, Becerik-Gerber and Rice 2010, Barlish and Sullivan 2012).

In developing a theoretical understanding of the business value of BIM, this thesis started off
in the rational and positivistic theory of the business value of IT and moved towards an
increased interpreivism and the socio-technical systems theory. The theory of the business
value of IT (e.g. Kohli and Grover 2008, Grover and Kohli 2012) including the IT Business
Value Model (Melville et al 2004) were important for understanding how the intra and inter
organizational changes described as enablers of the business value of IT were posing as
challenges in the AEC industry context and for problematizing business value creation. The
focus in perspective towards socio-technical systems view shifted as the theory of the
business value of IT could not explain some of the pattern and phenomena in the empirical
material that were of social and cognitive nature and related to attitudes, beliefs, expectations
of individuals, groups and social networks. Adding the socio-technical systems perspective
the theoretical understanding of perspective and a social and cognitive dimension to the
theoretical understanding of content was important for reflecting on the role of the business
value of BIM in a wider context extending the rational and economic context of the focal firm
in the theory of the business value of IT. Adding the socio-technical perspective implied that
business value was studied in a different setting than in the theory of the business value of IT
with focus on individuals, groups and networks in a social context rather than on business
processes in an organizational context and with a focus on attitudes, beliefs, expectations and
culture rather than financial, strategic and operational outcomes. This setting is particularly
important as it studies the role of business value among those who are to actually implement
BIM (individuals, groups and networks rather than “firms”) and in a socio-technical context
where business value may not be the main impact of an IT-supported change process but
rather be one of many aspects, including also social and cognitive influence processes, instead
of the main aspect (as it is in the theory of the business value of IT).

In fact, drawing on the socio-technical systems theory showed that the business value of BIM,
which was initially perceived to be important for gaining legitimacy and acceptance for the
BIM implementation, seemed to play a smaller role in a wider socio-technical context (e.g. in
TAM2 and SCOT) than in an economic and process-oriented context (e.g. in the IT Business
Value Model). For example, for the acceptance and rejection of the BIM implementation at
the public client, arguments of business value of BIM (i.e. economic factors) had little impact
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on the individuals”, groups” and networks” acceptance and rejection of BIM. Instead, the
individuals”, groups” and networks” expectations, beliefs and attitudes towards BIM which
were formed in a social context including social norms and image (i.e. social and cognitive
factors) played a large role. The business value of BIM supported the social and cognitive
influence processes of an IT-supported change process (e.g. via the construct of result
demonstrability in TAM2) rather than being the main influence process in an IT-supported
change process (as in the IT Business Value Model). These also were the major factors of the
public client’s impact on the social construction of BIM. Thus, when regarding the business
value of BIM from a wider socio-technical context, the financial, strategic and operational
impacts (economic factors) are not as important as in the theory of the business value of IT.
The socio-technical context is thus important for extending the theoretical understanding of
the content and perspective of the business value of BIM.

The socio-technical perspective of the business value of BIM is particularly important in the
public client context as many public clients worldwide are implementing BM with the specific
aim to create increased efficiency and productivity in the AEC industry by implementing
BIM. Future studies would need to study public clients” BIM implementation from a socio-
technical perspective as is also supported in a recent study by Bosch-Sijtsema et al (2017)
who showed that Swedish contractors were waiting for clients to demand BIM —based work
practices in order for them to increase their BIM implementation. They showed contractors”
expectations, interpretations and beliefs about the role of public clients for the industry’s
overall implementation of BIM (Bosch-Seijtsema et al 2017). Their study suggests that
contractors perceive that there is a need for public clients to make demands on BIM to
suppliers in procurement. However, at the public client, making demands on BIM in
procurement was the main challenge associated with their BIM implementation and was also
challenged by the parallel change initiative of the professional client role which implies sing
less detailed contract requirements. In this context, the socio-technical perspective applied in
this thesis suggests that it is more important studying the actors” actual day-to-day work and
how they are actually using BIM to change their current work practices rather than studying
future promises of BIM, for example studying what they are actually doing when conducting
their work with BIM, what decisions they are making on a day-to-day basis with BIM and
how their expectations, beliefs and attitudes about BIM are formed. There is a need for
shifting the focus of in BIM research from BIM as the phenomenon of interest to work
practices, decisions, strategies, knowledge and learning as the phenomena of interest.

5.6 The extended business value of BIM

To conclude, the theoretical understanding of the content of the business value of IT (Melville
et al 2004, Cao 2010, Kohli and Grover 2008, Grover and Kohli 2012) and business value of
BIM (e.g. McGraw-Hill 2009, 2010, 2012, Succar 2009, Becerik-Gerber and Rice 2010,
Barlish and Sullivan 2012) has previously been characterized by a financial, operational and
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strategic dimension. The theoretical understanding of the perspective of the business value of
IT and business value of BIM has previously been characterized by a rational and positivistic
perspective. By adding a social and cognitive dimension to the theoretical understanding of
content and a socio-technical perspective (increased interpretivism) to the theoretical
understanding of perspective, this thesis contributes with a more holistic and extended
understanding of business value. This way, this thesis contribute with theory development of
the theoretical understanding of business value in both IS research and in AEC research. This
understanding may be reflected in the alternative terms:

“The Extended Business Value of BIM”™ (contributing with theory development of the
understanding of business value in AEC research)

"The Extended Business Value of IT” (contributing with theory development of the
understanding of business value in IS research)

The “extended business value of BIM™ and “the extended business value of IT" not only
consists of adding and contributing with a social and cognitive dimension to the financial,
operational and strategic dimension characterizing the previous understanding of content and
a socio-technical systems theory to the rational and positivistic theories characterizing the
previous understanding of perspective (section 5.5), but also of a distinction between desired
outcomes (ex-ante) and actual outcomes (ex-post) (section 5.1), an understanding of business
value as not only the benefits but also as costs and challenges (section 5.2), an emphasis on
project progress rather than project outcome (section 5.4) and a recognition of perception of
also the individuals who are actually managing the BIM implementation in their day-to-day
projects, i.e. the individual and project level (section 5.3).

5.7 Practical implications

The understanding of the business value of BIM as not only the positive effects and values on
project of firm performance assumed to be a result from merely implementing BIM (as
promoted in McGraw-Hill 2009, 2010, 2012, Succar 2009, Becerik-Gerber and Rice 2010,
Barlish and Sullivan 2012, Eadie et al 2013), but also as the desired future outcomes and the
current added costs arising from various challenges also provide an important balance to
practitioners” understanding of the business value of BIM. The “extended business value of
BIM" may contribute with balancing the expectations on BIM among practitioners while also
increasing the understanding of the potential effects of BIM for individual project managers
actually conducting the implementation of BIM that are more in line with their daily work
(primary impacts on project progress and secondary impacts on project outcome). A greater
understanding of the challenges associated with the business value of BIM may also provide
useful insights for practitioners implementing BIM. The challenges had implications for
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project management practices and skills, business development, decision making and
procurement. Also, the numerous challenges encountered by such a large and influential actor
as the public client, who has been described to act as a change agents, when trying to
implement BIM for creating business value and driving industry change suggests to
practitioners that the implementation of BIM for business value may be more complex than
what has been promoted. In particular, this thesis suggests that arguments of the business
value of BIM with an aim of justifying BIM to skeptical individuals, groups and social
networks may in fact not play such a large part in reaching an acceptance for BIM
implementation. Instead, what seems to matter more are the individuals”, groups” and social
networks attitudes, beliefs, expectations about BIM. Practitioners must pay attention to how
these are formed and upheld in complex social contexts where social and cognitive influence
processes, such as social norms and image, play significant roles.

6. Reflections on the knowledge interests of this thesis

6.1 A journey of knowledge interest and theoretical perspectives

When reflecting on the knowledge interests of the business value of BIM in this thesis, the
initial knowledge interests in Papers 1 — 3 and RQ1 — RQ2 could be described as a technical
knowledge domain (Habermas 1971). The focus was on how the business value of BIM was
perceived in the AEC industry and the author’s point of departure was influenced by the
rational and positivistic understanding of business value of IT. The subsequent focus on the
enablers of and challenges to the perceptions of the business value of BIM also reflect a
technical knowledge interest of providing casual explanation and prediction (Habermas 1971).

A shift in knowledge towards a practical (hermeneutic) knowledge interest of providing
increased understanding and explanation (Habermas 1971) began with an empirical
observation of how the respondents briefly described the desired future business values of
BIM and instead chose to focus on describing the associate challenges and added cost. Using
the theory of the business value of IT including the IT Business Value Model as theoretical
lens had been important for understanding how the factors that were described as enablers of
business value of IT (intra and inter organizational changes) were in fact posing as challenges
to the perceptions of the business value of BIM (intra and inter organizational challenges).
The model had supported a reflection and problematization of the business value of BIM in
Paper 4 where the knowledge interest shifted from a technical domain to a practical domain
focused on understanding how and why the challenges were perceived. The main shift in
knowledge interest however occurred when the rational and positivistic perspective of the
business value of IT focused on describing the enabling factors and capabilities of the
business value of IT (i.e. a technical knowledge domain focused on casual explanation and
prediction) would not suffice as theoretical lens for interpreting and understanding the
empirical observations. There were pattern and phenomena in the empirical material of social
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and cognitive nature that were formed and upheld in complex social context based on the
attitudes, beliefs and interpretations of individuals, groups and social networks. These could
not be understood from the rational, positivistic and process-oriented perspective of the theory
of the business value of IT and led to a search for alternative theories. The practical
(hermeneutic) knowledge interest focused on understanding and explanation was pursued by
drawing on the socio-technical systems theory. The knowledge interest was focused on
understanding how the individuals”, groups” and networks” involved in the public client’s
BIM implementation formed their acceptance or rejection of BIM based on social and
cognitive influences and on understanding how these impacted the public client’s role in the
social construction of BIM. It was also in this context that the understanding was formed of
how the business value of BIM only played a smaller role in a wider socio-technical context.
This finding further strengthened the interest in the practical (hermeneutic) knowledge
domain. This process illustrates the journey in knowledge interests and perspectives
undertaken in this from a technical knowledge interest focused on developing casual
explanation towards a practical (hermeneutic) knowledge interest focused on developing
understanding and sense making. A journey was undertaken in theoretical perspectives from
rationalism and positivism towards increased interpretivism and hermeneutics.

The knowledge interests and perspectives characterizing theoretical understanding of the
business value of IT in IS and the business value of BIM in AEC research have been of a
rational and positivistic perspective and a technical knowledge interest focused on providing
casual explanation and predation of how to create business value. By illustrating how a
journey in knowledge interests and perspectives from rationalism and positivism towards
increased interpretivism and hermeneutics contributed with an increased understanding of
business value and provided new insights into the social and cognitive dimensions of business
value, this thesis wishes to encourage research on BIM to make a similar journey in hopes of
encouraging a more practical, reflective and critical discussion of BIM. This thesis wishes to
inspire current BIM research to extend the dominating rational, technical and positivistic
perspectives (technological determinism) to also include socio-technical perspectives that
combine the technical system with the social system with an emphasis on the social and
cogitative processes (social constructivism).

6.2 The importance of extending knowledge interest and perspectives in
BIM research

Extending the theoretical understanding of the content and perspective of the business value
of BIM and business value of IT with a socio-technical perspective was important for
contributing with theory development of the rational and positivistic understanding of
business value in AEC research and IS research. The understanding of the business value of
BIM in AEC research has previously been characterized by a rational and positive content and
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perspective promoted by commercial industry actors. The positively biased understanding of
the business value of BIM in promises of increased efficiency and productivity (McGraw-Hill
2009, 2010, 2012) has also been widely used and gained large influence on the understanding
of the business value of BIM in AEC research (e.g. in Succar 2009, Becerik-Gerber and Rice
2010, Barlish and Sullivan 2012). It characterizes the manner in which the business value of
BIM has been understood, conceptualized and discussed by AEC researchers and could be
described to exercise hegemony on the understanding of BIM in AEC research (Gramsci
1988, Bourdieu 1991). The hegemony motivates the need for reflecting on, problematizing
and extending the theoretical understanding of the content and perspective of the business
value of BIM. This is crucial as researchers fill important roles in forming the understanding
and development of BIM in both research, by for example determining what aspects of BIM
to study and what perspectives and theories to apply, and in practice, by for example
educating future actors and determining what skills and competencies they should have.

In addition to contributing with theory development of the understanding of business value in
AEC research and IS research and drawing attention to the issue of hegemony, extending the
theoretical understanding of the content and perspective of the business value of BIM and
business value of IT with a socio-technical perspective may challenge the technical, rational
and optimistic perspectives that dominate the overall understanding of BIM in research and
practice. Not only the understanding of the business value of BIM has been characterized by
rationalism and positivism. The overall theoretical understanding of BIM and its implications
for practice and research has been characterized by a rational and positive perspective that has
drawn on technical, rational and process-oriented theories. Several AEC researchers have
recently pointed to a hype of optimism towards BIM in AEC research and for a need of more
reflective and critical perspectives. Miettinen and Paavola (2014), for example, argue that
BIM needs to be studied as a multidimensional, historically evolving and complex
phenomenon. Sackey et al (2014) argue for shifting the focus from technological determinism
towards an increased socio-technical understanding of BIM. Dainty et al (2015) reject the
“technocratic optimism” (BIM hype) which dominates the current BIM research and raise
important questions on the implications of such a trajectory on the development on research.
By this thesis arguing for a need for extending the theoretical understanding of the content
and perspective of the business value of BIM with a socio-technical perspective and
illustrating the knowledge and insights that can be gained from such an understanding, this
thesis wishes to contribute to the ongoing debate pointing to a need for reflection and
questioning of the perspectives and theories that dominate in BIM research. This includes
shedding light on how business value may also be interpreted as challenges and added costs,
the challenges associated with individuals™ day-to-day interaction with BIM and the
illustrating how the business value of BIM plays a minor role in reaching an acceptance for
BIM implementation. The socio-technical perspective suggests that it is more important to
study individuals” actual day-to-day work such as what they are actually doing when working
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with BIM, what decisions they are making based on BIM and how their attitudes, beliefs and
expectations are formed and upheld in the social context rather than focusing on studying the
future promises of BIM.

At the same time, this thesis has also shown the difficulties, time and effort needed for
reaching to a point of reconsidering and questioning one’s prevailing conceptions,
perspectives and theoretical frameworks. In three of six papers, the theory of the business
value of IT was used as theoretical lens. The discussion of the enablers of the business value
of IT from IS research had an influence on the interpretation of the empirical material from
Paper 1 to Paper 4. It was after having observed that certain phenomena of social and
cognitive nature in the empirical material could not be sufficiently explained and understood
by drawing on the theory of the business value of IT that a search for alternative theories
began. This search was not easy and is still ongoing. Still, this thesis wishes to motivate and
inspire future BIM research to make a similar journey and also reflect on the dominant
technical, rational and positivistic perspectives. This would mean an increased focus on an
interpretive perspectives that regard the interactions between the technical and social systems
and account for the social and cognitive factors of individuals, groups and social networks.

57



7. References

Aragon-Correa, J. A. and Sharma, S. (2003) A contingent resource-based view of proactive corporate
environmental strategy. Academy of management review, 28(1), 71-88.

Bagozzi, R. P. (2007). The legacy of the technology acceptance model and a proposal for a paradigm
shift. Journal of the association for information systems, 8(4).

Banker, R. and Kauffman, R. (2004) The Evolution of Research on Information Systems: A Fiftieth-
Year Survey of the Literature in "Management Science" Management Science, 50(3), 281-298.

Barlish, K. and Sullivan, K. (2012) How to measure the benefits of BIM — A case study approach.
Automation in Construction, 24(0), 149-159.

Beavers, J.W, Lounsbury, J.K, Richards, S.W, Huck, G.J, Skolits, S.L Esquivel (2013) Practical
considerations for using exploratory factor analysis in educational research. Practical assessment,
research & evaluation 18(6) 1-13.

Becerik-Gerber, B. and Rice S. (2010) The perceived value of building information modeling in the
US building industry. ITcon 15(2), 185-201.

Benbasat, I. and Zmud, R. W. (2003) The identity crisis within the IS discipline: Defining and
communicating the discipline's core properties. MIS quarterly, 183-194.

BIM Task Group (2012) Investors report. http://www.bimtaskgroup.org/wp-
content/uploads/2012/03/InvestorsReport-BIM.pdf

Blomstermo, A., Eriksson, K., Lindstrand, A, Sharma, D.D (2004) The perceived usefulness of
network experiential knowledge in the internationalizing firm. Journal of International Management
10(3), 355-373.

Boyce, C. and Neale, P. (2006) Conducting in-depth interviews: A guide for designing and conducting
in-depth interviews for evaluation input. Pathfinder International: Watertown, MA.

Bryde, D., Broguetas, M. and VVolm, J. M. (2013) The project benefits of building information
modelling (BIM). International journal of project management 31(7), 971-980.

Brynjolfsson,E (1993) The productivity paradox of information technology. Communications of the
ACM 36(12), 66-77.

Cao, G. (2010) A four dimensional view of IT business value. Systems Research and Behavioral
Science 27(3), 267-284.

Creswell, J.W. (2002) Research design: Qualitative, quantitative and mixed methods approaches.
Sage: Thousand Oaks.

Crotty, R. (2013) The impact of building information modelling: Transforming construction.
Routledge: New York.

Dainty, A., Leiringer, R., Fernie, S and Harty, C. (2015) Don’t Believe the (BIM) Hype: The

Unexpected Corollaries of the UK ‘BIM Revolution’. Working Paper Proceedings of Engineering
Project Organization Conference, University of Edinburgh, June 24-26.

58



Davies, R. and Harty, C. (2013) Measurement and exploration of individual beliefs about the
consequences of building information modelling use. Construction Management and Economics, 31,
1110-1127.

Demian, P. and Walters, D. (2013) The advantages of information management through building
information modelling. Construction Management and Economics, 32, 1153-1165.

DeWalt, K. M and DeWalt, B. R. (2010) Participant observation: A guide for fieldworkers. Rowman
and Littlefield Publishers: New York.

Dillon, A. and Morris, M. (1996) User acceptance of new information technology: theories and
models. In M. Williams (ed.) Annual Review of Information Science and Technology, Vol. 31,
Medford NJ: Information Today, 3-32.

Eadie, E., Browne, H., Odeyinka, C., McKeown, D. and McNiff, S (2013) BIM implementation
throughout the UK construction project lifecycle: An analysis. Automation in Construction 36, 145-
151.

Eriksson, K., Johanson, A., Majkgard, Sharma, D.D (1997) Experiential knowledge and cost in the
internationalization process. Journal of international business studies, 337-360.

Forordning med instruktion for Trafikverket (2010:185). Svensk forfattningssamling (2010:185).
http://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/forordning-
2010185-med-instruktion-for_sfs-2010-185

Fox, J. (1997) Applied regression analysis, linear models, and related methods. Sage: Thousand Oaks.

Fox, S (2014) Getting real about BIM. International Journal of Managing Projects in Business 7, 405-
422.

Fox, S. (2009) Applying critical realism to information and communication technologies: a case study.
Construction Management and Economics 27, 465-472.

Gramsci, A. (1988) Intellectuals and education. In Forgacs (Ed.): The Antonio Gramschi Reader.
Greene, J.C. (2007) Mixed methods in social inquiry. John Wiley & Sons: San Francisco.
Gregor, S. (2006).The nature of theory in information systems.MIS quarterly, 611-642.

Grover, V. and Kohli, R. (2012) Co creating IT Value: New Capabilities and Metrics for Multifirm
Environments. MIS Quarterly 36 (1).

Gu, N. and London, K. (2010) Understanding and facilitating BIM adoption in the AEC industry.
Automation in Construction 19, 988-999.

Habermas, J. (1971) Knowledge and human interests. Beacon Press: Boston.

Hair, W.C, Black, B.J, Babin, R.E, Anderson, R.L. Tatham (2006) Multivariate data analysis. Pearson
Prentice Hall: New Jersey.

Hartenberger, U., Lorenz, D. and Lutzkendorf, T. (2013) A shared built environment professional
identity through education and training. Building Research & Information 41(1), 60-76.

Henson, R. K. and Roberts, J. K. (2006) Use of exploratory factor analysis in published research:
Common errors and some comment on improved practice. Educational and Psychological

59



measurement 66(3), 393-416.
Katz D. and Kahn R. (1978) The Social Psychology of Organizations, 2nd ed. Wiley: New York.

Kohli, R. and Devaraj, S. (2004) Realizing the business value of information technology investments:
an organizational process. MIS Quarterly Executive 3(1), 53-68.

Kohli, R. and Grover, V. (2008) Business value of IT: An essay on expanding research directions to
keep up with the times. Journal of the association for information systems 9(1), 23.

Kokkonen, A. and Alin, P. (2016) Practitioners deconstructing and reconstructing practices when
responding to the implementation of BIM. Construction Management and Economics 34(7-8), 578-
591.

Lee, S. M., Kim, K., Paulson, P., and Park, H. (2008) Developing a socio-technical framework for
business-IT alignment. Industrial Management & Data Systems 108(9), 1167-1181.

Li, G (1985) Robust regression in Exploring Data Tables, Trends and Shapes. Wiley: New York.

Linderoth, H. C. (2010) Understanding adoption and use of BIM as the creation of actor networks.
Automation in Construction 19(1), 66-72.

Maki, T. and Kerosuo, H. (2015) “Site managers’ daily work and the uses of building information
modelling in construction site management” Construction Management and Economics 33(3), 163-
175.

McGraw-Hill (2009) The business value of building information modelling: Getting building
information modelling to the bottom line.
http://fiatech.org/images/stories/research/2009_BIM_SmartMarket_Report.pdfMcGraw-Hill

McGraw-Hill (2010) The Business Value of BIM in Europe: Getting Building Information Modelling
to the Bottom Line in the United Kingdom, France and Germany.
http://images.autodesk.com/adsk/files/business_value_of bim_in_europe_smr_final.pdf
McGraw-Hill (2012) The business value of BIM in North America: multi-year trend analysis and user
ratings (2007-2012).
http://download.autodesk.com/us/offercenter/smartmarket2012/SmartMarket_2012_Prelim.pdf

Melville, N., Kraemer, K. and Gurbaxani, V. (2004) Review: Information technology and
organizational performance: An integrative model of IT business value. MIS quarterly 28(2), 283-322.

Merriam, S. B. (2009). Qualiltative Research. A guide to Design and Implementation.Jossey-Bass.

Miettinen, R. and Paavola, S. (2014) “Beyond the BIM utopia: Approaches to the development and
implementation of building information modelling” Automation in Construction 43: 84-91.

Mooney, J. G., Gurbaxani, V. and Kraemer, K. L (1996) A process oriented framework for assessing
the business value of information technology. ACM SIGMIS Database 27(2), 68-81.

Mukhopadhyay, T., Lerch, F. J., and Mangal, V. (1997) Assessing the impact of information
technology on labor productivity A field study. Decision Support Systems 19(2), 109-122.

Orlikowski, W. J. and lacono, C. S. (2001) Research commentary: Desperately seeking the “IT” in IT
research—A call to theorizing the IT artifact. Information systems research 12(2), 121-134.

60


http://fiatech.org/images/stories/research/2009_BIM_SmartMarket_Report.pdfMcGraw-Hill
http://images.autodesk.com/adsk/files/business_value_of_bim_in_europe_smr_final.pdf
http://download.autodesk.com/us/offercenter/smartmarket2012/SmartMarket_2012_Prelim.pdf

Patton, M. (1990) Qualitative evaluation and research methods. Sage Beverly Hills: CA.
Pett, M. Lackey, N. and Sullivan, J (2003) Making sense of factor analysis. Sage: Thousand Oaks.

Pinch, .T.J. and Bijker, W.E. (1984) The Social Construction of Facts and Artefacts: Or How the
Sociology of Science and the Sociology of Technology Might Benefit Each Other, Social Studies of
Science, 14, 399-441.

Porwal, A. and Hewage, K. N. (2013) Building Information Modeling (BIM) partnering framework
for public construction projects. Automation in Construction 31, 204-214.

Rudestam, K. E. and Newton, R. R. (2007) Surviving Your Dissertation: A Comprehensive Guide to
Content and Process. Sage: London.

Sackey, E., Tuuli, M. and Dainty, A. (2014) Sociotechnical systems approach to BIM implementation
in a multidisciplinary construction context.Journal of Management in Engineering 31(1).

Scarbrough, H., Swan, J., Laurent, S., Bresnen, M., Edelman, L. and Newell, S. (2004) Project-based
learning and the role of learning boundaries. Organization Studies 25(9), 1579-600

Schryen, G. (2013) Revisiting IS business value research: what we already know, what we still need to
know, and how we can get there. European Journal of Information Systems, 22(2), 139-169.

Scott, W.R. (1981) Organizations: Rational, Natural, and Open Systems. Englewood Cliffs NJ:
Prentice Hall Inc.

Scott, W. R. and Davis, G. F. (2015) Organizations and organizing: Rational, natural and open systems
perspectives. Routledge: London.

Smith, M. R. and Marx, L. (1994) Does technology drive history?The dilemma of technological
determinism.MIT Press.

SOU (2012:39) Sveriges Riksdag. Statens offentliga utredningar 2012:39. SOU 2012:39 Vdgar till
forbattrad produktivitet och innovationsgrad i anlaggningsbranschen.
http://www.riksdagen.se/sv/Dokument-Lagar/Utredningar/Statens-offentliga-utredningar/\VVagar-till-
forbattrad-produkti_HOB339d2/?html=true

Svensk forfattningssamling (2010:185). Svensk forfattningssamling
http://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/forordning-
2010185-med-instruktion-for_sfs-2010-185

Stevens, J.P (2012) Applied Multivariate Statistics for the Social Sciences. Routledge: New York.

Succar, B. (2009) Building information modelling framework: A research and delivery foundation for
industry stakeholders. Automation in Construction 18, 357-375.

Trafikanalys (2015) Trafikverkets arbete for 6kad produktivitet och innovation i
anlaggningsbranschen — Rapport 2015:5.
http://trafa.se/PageDocuments/Rapport_ 2015 5 Trafikverkets arbete foer _oekad produktivitet och_
innovation_i_anlaeggningsbranschen_2015.pdf

Trafikverket (2016). Trafikverkets inriktning for Forskning och Innovation 2017-2019. Strategisk
utveckling.
http://trafikverket.se/contentassets/ab807a74b1a845e08fcae336f6¢c0ceae/inriktningsdokument_foi_201
7_2019 ver_10.pdf

61


http://www.riksdagen.se/sv/Dokument-Lagar/Utredningar/Statens-offentliga-utredningar/Vagar-till-forbattrad-produkti_H0B339d2/?html=true
http://www.riksdagen.se/sv/Dokument-Lagar/Utredningar/Statens-offentliga-utredningar/Vagar-till-forbattrad-produkti_H0B339d2/?html=true
http://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/forordning-2010185-med-instruktion-for_sfs-2010-185
http://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/forordning-2010185-med-instruktion-for_sfs-2010-185
http://trafa.se/PageDocuments/Rapport_2015_5_Trafikverkets_arbete_foer_oekad_produktivitet_och_innovation_i_anlaeggningsbranschen_2015.pdf
http://trafa.se/PageDocuments/Rapport_2015_5_Trafikverkets_arbete_foer_oekad_produktivitet_och_innovation_i_anlaeggningsbranschen_2015.pdf
http://trafikverket.se/contentassets/ab807a74b1a845e08fcae336f6c0ceae/inriktningsdokument_foi_2017_2019_ver_10.pdf
http://trafikverket.se/contentassets/ab807a74b1a845e08fcae336f6c0ceae/inriktningsdokument_foi_2017_2019_ver_10.pdf

Trist, E. L. and Bamforth, K.W. (1951) Some social and psychological consequences of the Longwall
Method of coal-getting: An examination of the psychological situation and defences of a work group
in relation to the social structure and technological content of the work system. Human relations 4(1),
3-38.

Trist, E. (1981) The evolution of socio-technical systems. A conceptual framework and action research
program. Occasional paper, 2.

Venkatesh, V and Davis, F. D. (2000) A theoretical extension of the technology acceptance model:
Four longitudinal field studies. Management Science 46 (2), 186—204.

Venkatesh, V., Morris, M. G., Davis, G. B., and Davis, F. D. (2003) User acceptance of information
technology: Toward a unified view. MIS quarterly, 425-478.

Vinnova (2016) Vinnova (2016) Processer och informationshantering i byggande och forvaltning. En
agenda for 6kat bostadsbyggande och robust infrastruktur.
http://www.vinnova.se/PageFiles/751290450/I1CT-
BIM%20f%c3%b6r%20h%c3%a5lIbart%20samh%c3%a4llsbyggande.pdf

Von Bertalanffy, L. (1950) The theory of open systems in physics and biology. Science, 111(2872),
23-29.

Volk, R., Stengel, J., and Schultmann, F. (2014) Building Information Modeling (BIM) for existing
buildings—L.iterature review and future needs. Automation in construction 38, 109-127.

Weick, K. E. (1976) Educational organizations as loosely coupled systems. Administrative science
guarterly, 1-19.

Wernerfelt, B. (1984). A Resource-Based View of the Firm. Strategic Management Journal 5(2), 171-
180

Wiengarten, F., Humphreys, P., Cao, G., and McHugh, M. (2013) Exploring the Important Role of
Organizational Factors in IT Business Value: Taking a Contingency Perspective on the Resource
Based View. International Journal of Management Reviews 15(1), 30-46.

Wong, A. K., Wong, F. K. and Nadeem, A. (2011) Government roles in implementing building
information modelling systems: Comparison between Hong Kong and the United States. Construction
Innovation 11(1), 61-76.

Yalcinkaya, M. and Singh 2015 V (2015) Patterns and trends in Building Information Modeling (BIM)
research: A Latent Semantic Analysis. Automation in Construction 59, 68-80.

Yang, L. R. (2012) Key practices, manufacturing capability and attainment of manufacturing goals:
the perspective of project/engineer-to-order manufacturing. International Journal of Project
Management, 31(1), 109-125.

Yin, R.K. (1994) Case Study Research.Design and Methods. Sage Publications: Thousand Oaks.

62


http://www.vinnova.se/PageFiles/751290450/ICT-BIM%20f%c3%b6r%20h%c3%a5llbart%20samh%c3%a4llsbyggande.pdf
http://www.vinnova.se/PageFiles/751290450/ICT-BIM%20f%c3%b6r%20h%c3%a5llbart%20samh%c3%a4llsbyggande.pdf

	1. FINAL INFÖR TRYCK framsida, abstract mm
	2. FINAL INFÖR TRYCK The Business Value of BIM - Elaborating on Content and Perspective
	4.6.2 The role of the business value of BIM in the social construction of BIM


