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A B S T R A C T

The construction industry has worked towards embracing Building Information Model (BIM) innovations for
improving the efficiency, accuracy and reliability nowadays. However, the implementation of BIM in building
Operations &Maintenance (O &M) is still limited. Previous research only focused on identifying influential
factors for the promotion of BIM use in building O&M without considering the systematic manner and the
dynamic nature of technology evolution process. This study thus aims to establish an analytical activity system
model (ASM) using the activity theory to analyze the BIM use in building O &M in a systematic and dynamic
way. The ASMs (traditional and evolutionary) of two different statuses (i.e., without and with BIM-assisted
O &M) and the corresponding evolution processes were established based on the critical process models with
actors and activities identified in the 1st round interviews with 14 experts. Then, the contradictions as the drivers
of evolution in the ASM from the traditional one to the evolutionary BIM-assisted O &M have been examined
based on the 2nd round interviews involving the 14 experts and 32 questionnaire surveys. An ASM based driver
model of evolution for the BIM-assisted O&M is finally constructed. 26 innovation-oriented internal drivers and
six demand-oriented external drivers have been identified, and 21 recommended actions, with the context of
social, political and technical influences, have been proposed correspondingly to enhance the identified drivers
to achieve BIM-assisted O &M. These results provide a map for O &M practitioners, policy makers and re-
searchers to promote the implementation of BIM in O &M, and are beneficial to the delivery of BIM in building
O &M.

1. Introduction

The operation and maintenance (O &M) phase is definitely sig-
nificant from the life-cycle perspective, which covers over 85% of the
total costs in ownership and 30–50 years of the total time span [1]. It is
also a complex and comprehensive process requiring multi-tasks and
multi-participants (e.g., owners, property staff, and workers) involved.
The comprehensive information (e.g., historical O &M records, list of
reliable specialist professionals and vendors, accurate locations etc.)
recorded and exchanged in the O &M process thus should keep the
integrity, validity and interoperability to improve the cooperation ef-
ficiency and accelerate O &M activities. Previous studies have explored
and developed tools and systems with improved information to enhance
O &M management, including Computerized Maintenance Manage-
ment Systems (CMMS), Computer-Aided Facility Management (CAFM)
systems, Building Automation Systems (BAS), and Integrated Work-
place Management Systems (IWMS) [2]. However, even though dif-
ferent tools have been studied and developed, there is still a lack of an
integrated and intelligent platform that could manage and support

various activities in building O &M [3]. For instance, although CMMS is
a computerized system being able to record daily work orders, track
historically records, manage service requests and store maintenance
information, it requires great efforts and time for facility management
(FM) staff to extract diverse and also scattered O &M information in
need, including data within CMMS, specifications, 3D models etc.
(ibid). Although several approaches such as Radio Frequency Identifi-
cation (RFID) have been prompted to aid in extracting O &M data from
daily as-is conditions, it is still limited by its information sharing stra-
tegies among different stakeholders [4].

Building Information Model (BIM), as a digital representation of a
building, has been proposed as an innovative and practical approach to
store, visualize and exchange building information in design, con-
struction and O&M phases. It can minimize the information loss in
building life cycle and act as a central database in O &M [5]. Fur-
thermore, integrated and comprehensive solutions for O &M can be
provided by adapting BIM to improve the interoperability and colla-
boration among stakeholders in O &M (ibid). For instance, Motawa and
Almarshad proposed a Case-Based Reasoning (CBR)-integrated BIM
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system for building maintenance to improve the efficiency of decision
making and communication [6]. Shanghai Center in China also applied
BIM in O &M, which integrated disparate BIM, CMMS, and BAS systems
of a courthouse [7]. Nonetheless, the adoption rate of BIM in O &M is
still low in fact nowadays. According to the report from McGraw Hill
Construction, only 25% of U.S. public owners and 11% of the private
sector indicated that they had set their own formal requirements for
BIM [8].

Previous research has identified several influential factors for the
promotion of BIM use in the building O &M (as shown in Table 1). For
instance, the report from McGraw Hill Construction pointed out that the
diffusion of BIM largely pertains to actors' willingness and readiness for
conducting O &M activities with computerized ways instead of con-
ventional ways. Although they may realize great value in using BIM
during O &M, actors usually lack the IT technical knowledge required
to use BIM [8]. Sun [10] also regarded the transition of people's mindset
from traditional to new methods of O &M as the key factor to facilitate
the BIM use in O &M, where the transition can be achieved through
human activity-oriented innovation and training. Parsanezhad and Di-
myadi [9] thought the conventional business processes and contracts
needed to be updated accordingly. Gerrish et al. [64] identified that
there were three kinds of influential criteria for delivering the adoption
of BIM in O &M, including the building information availability and
accessibility, stakeholder capability, and O &M process effectiveness.
Cavka et al. [61] and Volk et al. [62] both figured out that the orga-
nizational issues, information and techniques could act as drivers to
accelerate the BIM use in building O&M. However, these studies just
identified the influential factors for promoting BIM implementation in
O &M without considering the systematic manner and the dynamic
nature of technology evolution process. In addition, there is also a lack
of comprehensive analysis for the use of BIM in building O&M from the
perspective of multiple stakeholders involved [11,63,64].

Although a framework has been proposed to help facility owners
assess their BIM competency [14], a systematic and dynamic me-
chanism is still in need for the comprehensive analysis of human ac-
tivity-related contextual issues of BIM use in O &M for existing build-
ings in order for the owners to clearly understand their status in BIM
implementation and develop implementation plans accordingly. Ac-
tivity theory is thus used in this study to provide a comprehensive and
systematic method for understanding and diagnosing factors and cor-
responding evolution process that can accelerate the BIM use in
building O&M in a consistent and dynamic way. This study aims to
establish an analytical activity system model (ASM) using the activity
theory to (1) analyze the current practices of building O&M, (2) ex-
plore the drivers that may prompt BIM implementation in building

O &M, and (3) find out corresponding opportunities with re-
commendations in enhancing the identified drivers.

2. Activity theory and its applications

The activity theory, also known as cultural historical activity theory
(CHAT), provides a broad theoretical framework for describing the
structure, development and context of human activity [15]. Initiated by
the Russian psychologists Vygotsky and Leont'ev [16,17], the activity
theory was originally designed to provide an analytical framework for
human-computer interaction (HCI), and further has been widely ap-
plied to the design of computer supported cooperative work (CSCW)
[18]. However, beyond the design of CSCW, nowadays the activity
theory also provides a philosophical and cross-disciplinary analytical
framework for different forms of human practices at both individual
level and social level to identify and organize causal factors in a more
consistent, systematic way [19], including diagnosis of human-related
accidents in high-risk industries [20], study of behaviors in problem
structuring methods interventions [21], investigation of human choice
of tools in innovation diffusion [10].

In the construction industry, the activity theory has also been used
as a theoretical basis for analyzing the complexity and interactions of
actions in projects, and interpreting the development of tools in activ-
ities. Floricel et al. deployed the activity theory to analyze the role of
technology in resolving contradictions within and between activity
systems in project management [22]. Mäki and Kerosuo examined the
types of BIM uses and corresponding problems in the construction site
management based on the activity theory [23]. In particular, Allen et al.
applied the activity theory as a conceptual framework to spotlight in-
formation sharing and interoperability issues in emergency response
[24], which indicates the possibility of applying the activity theory as a
useful analytical tool for modeling and analyzing human activity-re-
lated contextual issues of BIM use in building O &M.

According to the original model for describing human behavior,
every human activity can be modeled and explained by the triadic re-
lationship between a subject and an object mediated by tools or artifacts.
However, these three elements (subject, object, and tool) cannot be
pulled apart without violating the core essence of human activity [17].
In order to describe and explain human behaviors in a more consistent
and systematic way, three more elements (i.e., community, division of
labor (DoL), and rules) are incorporated into the original model [25],
being called an activity system and represented as an activity triangle
shown in Fig. 1. In traditional building O&M, this system can be re-
organized with following definitions:

Table 1
Previous studies on the factors influencing BIM implementation in building O&M.

Factors Methodology Reference

Building information availability and accessibility, stakeholder capability, and O&M process effectiveness Literature review, expert interview [64]
Costs, BIM knowledge and attitude of FM staff, education/training costs, collaboration, interoperability, BIM transfer,

liability
Questionnaire-based survey [65]

Roles and responsibilities of key stakeholders, data requirements for BIM model, FM staff's input during building delivery,
information exchange between different parties; BIM knowledge and attitude of FM staff

Literature review [67]

BIM functionalities, informational structure and data exchange, model creation process, responsibility and liability of
stakeholders, information interoperability

Literature review [62]

Organizations' plans and experience in implementing BIM, information exchange mechanism, and varying levels of BIM
adoption

Case study [61]

Inevitable inaccuracy of data input, data exchange and interoperability issue, high cost of BIM Case study [63]
Ownership of BIM, liability, risks, and contracts, costs, sociotechnical issues arise from the adoption of new technology,

knowledge and expertise required for BIM use
Case study [66]

BIM implementation requirements for multidisciplinary model sharing, work process within/across organizations to guide
the integration of BIM, organizational intends to support BIM

Expert interview, survey [11]

Conflicting objectives and different constraints, large numbers of strategies in asset management, difficulty in trading off
strategies under multiple outcomes

Deterministic optimization method,
case study

[12]

Requirement on BIM management, design review, data security and BIM-server set-up implementation Focus group interview, case study [13]
Strategic competencies, administrative competencies, operational competencies of building owners Delphi technique [14]
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